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The field the present discussion large and the time for 
limited that feel sure can serve you best foregoing the 
luxury historical introduction and entering somewhat 
abruptly into the heart the subject before us. wish, then, 
discuss before you the general ideas and beliefs respecting the ulti- 
mate nature and relations matter and electricity which are the 
foreground the present time. 

dealing with progress scientific explanation necessary 
remember, what too often forget, that the verb “to explain,” 
when applied new complex phenomenon, means the ex- 
pressing terms something else either more familiar 
more fundamental. exaggerated example the first type 
furnished all the old anthropomorphic explanations natural 
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phenomena which the less familiar actions the outside world 
were expressed terms the intimate and much more familiar 
workings the human mind. Nature abhors vacuum,” and like 
expressions, show the type. 

The progress science exhibits countless examples the 
second type explanation, for, wherever two more concepts are 
merged into profounder synthesis, there have expression 
terms something more fundamental. When, for instance, 
said that the phenomena tidal action are caused the gravita- 
tional attraction the moon, stated merely that this action 
really one with countless other phenomena which, although dis- 
similar the surface, merge with into the profounder synthesis 
known the law gravitation. 

important also remember this connection, that this 
process explanation always have left the one concept into 
which the many have merged, that time goes the alterna- 
tives explanation grow fewer and fewer, and the end—if 
can imagine end—there explanation, because there 
more fundamental fact. 

You will pardon me, sure, say one word more with 
reference this question ultimate explanation. 

have all heard people say, wonderful that much 
known about electricity, and yet one knows what electricity 
Now, doubtless the observation has some meaning, but cer- 
tainly not much seems have; for, after all, what they 
mean “what electricity they expect the announcement 
some day that electricity liquid similar water, gas similar 
air? 

becoming more and more probable that electricity the 
chief constituent the atoms themselves, and electron, which 
particle electricity, anything is, certainly less than ten- 
thousandth the size one the atoms water molecule. There- 
fore after the following the word electricity,” there noth- 
ing put which already familiar, and when the profounder con- 
cept does come, will extremely fundamental, but will cause 
the layman thrill long-anticipated disclosure. 

special type critical attitude necessary dealing with 
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fundamental physical concepts and attitude which seldom 
assume, that these remarks have been necessary introduce 
properly the three fundamental realities which modern physical 
theory now contemplates, namely: the atom, the electron, and that 
mysterious but perhaps even more fundamental entity known 
energy. 

few years ago would have mentioned also the ether, but 
little reluctant sonow. Not that there has been sudden 
revolution the realm thought, resulting the complete over- 
throw the old regime, but rather that development has been such 
render the concept ether less and less impressive—one 
might say—and less and less important. Changes opinion 
such matters are, seems me, partly questions emphasis, and 
radiant energy all its nakedness now usurping much that the 
ether has long stood for. 

course, the loss, rather the dimness, the ether concept 
implies certain loss concreteness; but, has been said, con- 
secondary virtue and far less importance than the value 
concept furthering the great process induction which leads 
more and more general truths. 

Although the concept the ether slowly dimming, the concept 
the atom becoming more and more definite and vivid. The 
study the scintillations caused radium rays and the work 
Rutherford counting the alpha particles give us, for the first time 
the history physics, definite observable results which apparently 
can only due the action single atoms, and which therefore 
furnish proof beyond reasonable doubt that the atom and molecule 
are names actual realities, and are not merely two prominent 
words the statement useful hypothesis. 

The kinetic theory matter, carrying with the concept 
temperature violence atomic vibration, has also been strength- 
ened enormously the work Perrin and Einstein the Brown- 
ian movement. They find that microscopic particles solutions 
have perpetual motion close agreement with the kinetic theory. 
Indeed, they act all ways like big molecules, obeying the kinetic 
laws deducible from mechanics. Their observable agitation part 
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the general vibratory motion which distinguishes hot body from 
cold one. 

The electron, too, now well within what might call 
exclusive circle the truly This minute charged body has 
many researches, among them the recent one Millikan, been 
shown definite reality, present all matter and entirely 
largely responsible for all the phenomena know electrical. 

The other fundamental entity, energy, also, may allowed 
the phrase, real.” Radiant energy leaves the sun 
eight minutes before reaches the earth, and must, therefore, exist 
during that time the space between, dissociated from ordinary 


matter. When finally strikes some object and absorbed, gives 


the object thrust—that is, communicates momentum it, 
bullet would do—and the same time, course, increases the 
total energy the body. the same way, body radiating energy 
recoils during the emission way similar gun. 

All this remarkably like the action ordinary matter. 
can, however, say even more. There very good reason for be- 
lieving that, were possible shut large amount radiant 
energy hollow box, the inner surfaces which were perfectly 
reflecting, that the rays would reflected back and forth indefi- 
nitely, would find this confined energy possess both mass and 
weight. Not many decades ago such idea would have seemed 
absurd, but hard now avoid the conclusion that such would 
the case. 

can better now than describe few words the pic- 
ture which have today the ultimate structure matter. 
piece matter composed particles called atoms, which, 
uniting groups various ways, form the characteristic aggre- 
gates which know molecules. There are about one hundred 
different kinds atoms, varying relative weights from one 240, 
and relative volumes from one about 16. The approximate 
diameter atom one one-hundred-millionth centimeter. 

These atoms are ceaseless motion and fro, the energy 
this motion determining what call the temperature the body. 
Within the atoms and the spaces between them are large numbers 
very much smaller particles known electrons. They each 
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carry negative charge, which relatively enormous, considering 
the fact that the approximate electronic diameter can scarcely 
more than one one-hundred-thousandth that the atom. 


When any cause sets general movement the electrons 


within body, have current electricity, while the random 
vibratory heat motion atom and electron the cause continual 
emission radiant energy other objects outside space. 

piece matter thus complex system composed in- 
conceivably large number ultimate units, atoms and electrons, 
ceaseless motion and fro, and permeating all the mysterious, 
matter-like entity which have called radiant energy, and which 
ever seeks escape with enormous, though perfectly definite, 
velocity into the space outside. Some succeeds escaping, 
but there appears vast amount which some way im- 
prisoned the atom-electron aggregate and thus never becomes 
the strict sense the word, though resembles 
radiant energy closely almost warrant the same name. 

Having thus obtained impressionistic view the structure 
piece matter, would like call attention the properties 
the space surrounding electron, or, what the same thing for 
our present purpose, the space surrounding any body, say small 
sphere, possessing electric charge. This space the seat what 
well-known conclusion and one which cannot present 
any way avoided, that the energy which the body possesses, virtue 
its charge, that is, the energy originally required charge it, 
resides the electric field around the body, and not the 
body itself. The existence, without apparent motion, this energy 
what seems empty space very remarkable, but the con- 
clusion that there unavoidable, and after all there great 
difference between the discarnate state this energy and the state 
the radiant energy the sun its way the earth. From 
the older point view this energy the electric field was strain 
the ether, the so-called strain being similar what 
would get immense block rubber pin-head embedded 
its center were swell into the size egg. The rubber would 
pushed back all directions and the energy this compression 
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would stored throughout the whole mass, great deal 
near the center, but appreciable amount even out the very 
limits the block. From the present point view, think more 
about the energy and less about the ether, but the general effect 
the same. 

Let call this energy located the space surrounding 
electric charge energy,” distinguish from the closely 
similar type self-propagating energy which can also exist 
space and which apply the term and let then 
ask what properties, any, this bound energy gives the body 
which surrounds. 

stated before that radiant energy, when struck body, com- 
municated momentum the same general way material 
body, say flying bullet, would do. The radiant energy thus acts 
had mass, and the question now is, the ‘bound 


surrounding our charged sphere also considered 
possess mass?” may answer this question the affirmative, 
for this bound energy electric energy, and, thanks the great 
founders electrical science, know the laws electric action 
pretty completely. 

Applying these well-known laws find that when our charged 
sphere moved, acts like current elecricity and sets 
magnetic field about it, and the formation this field acts, the 
well-known laws induction, retard the motion the charge. 
Thus the setting motion the sphere made more difficult 
reason its charge, effect which equivalent saying that 
the sphere has added mass. 

this were all, might say that the added charge elec- 
tricity had mass, that the mass increment the surface 
the sphere where the charge known reside. This all, 
however, for letting the sphere expand can decrease the 
energy the space about without changing the magnitude its 
charge; and find, further simple application well-known 
electrical laws, that the new mass will change exactly the energy 
changes. the new mass had been proportional the charge, 
would remain constant with instead changing with the energy. 
Thus what known the electromagnetic mass the sphere 
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1911.] 


proportional its energy. was able show, several years ago, 
that, with certain limitations, this same result true for any electric 
system. 

may said, then, follow from what might called ele- 
mentary electromagnetic principles, that the electromagnetic mass 
electric system proportional its electric energy. Now 
Hasenhorl, Plancks’s suggestion, believe, had already shown 
that similar result applied radiant energy properly speaking; 
for found that from known laws radiation followed that 
hollow box, like that mentioned earlier, with perfectly reflecting 
walls, would, when filled with radiant energy, act had added 
mass. That is, the pressure radiation would changed the 
increasing velocity the box oppose the force causing this 
increase, and this inertia, this added mass, found would 
proportional the amount energy present. proportionality 
constant agrees with his. Lewis, from totally different point 
view, has reached similar conclusion. 

is, you know, one the profoundest generalizations 
modern physics that light and other forms radiant energy are 
reality all forms electromagnetic energy. results, 
therefore, that confined radiant energy possesses mass, combined 
with the result obtained connection with the bound energy sur- 
rounding electric charges, gives the general result that all elec- 
tromagnetic energy, whether bound radiant, possesses mass, and 
this mass proportional the quantity energy present. 

You see that the concept energy, although some ways very 
illusive, getting singularly definite and persistent. Since see 
that electric mass proportional electric energy, the question 
naturally arises: How much the mass the electron due 
the electric energy surrounding its relatively enormous charge, and 
how much ordinary mechanical mass” its body proper? 
have means distinguishing between the two masses, for 
the electric mass does not remain constant when the velocity the 
charge becomes great. Electrical laws tell that increases, very 
slowly first, then more rapidly, and that the velocity light 
approached becomes very great. course, ordinary me- 
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chanics, the other hand, the mass body considered 
constant and have nothing whatever with the velocity. 

studying experimentally the deflection the beta-rays 
radium, which consist streams electrons travelling veloci- 
ties very near that light, Kaufmann has shown that the experi- 
mental change mass fits the mathematically deduced change 
when, and only when, the ordinary mechanical mass negligible. 
other words, near measurement can yet go, the mass the 
electron entirely the electromagnetic mass the surrounding 
energy, and has appreciable mass what might call “the 
old-fashioned mechanical kind.” 

This result extraordinary importance physical theory, 
for immediately suggests the general question, “Is all mass this 
Since ordinary piece matter permeated with 
electrons and also with the radiant energy which all parts are 
constantly absorbing and emitting, absolutely unavoidable 
conclusion that least part the total mass this electro- 
magnetic type. But the question is, mass 
or, more properly speaking, all mass the same type, and does 
depend upon the velocity this same way?” affirma- 
tive answer would imply profounder unity physical phenomena 
than has hitherto been recognized and would thus correspond the 
passage deeper synthesis. course, the deeper concept which 
unites two more others should, strictness, made independent 


these others but, although definitely foreshadowed the present 


case, the detailed statement this deeper law present im- 
possible regards changes due motion; that this, 
taken with the fact that electromagnetic phenomena are familiar 
that may said know their modus operandi terms 
magnetic fields, electric forces, and the like, renders provisionally 
allowable state the question the form: Are the laws elec- 
tricity and optics the laws matter 

have, during the last few years, been attaining with greater 
and greater surety definite answer this question. has come 
through the gradual adoption remarkable concept, profound 
its meaning and very far-reaching its consequences. refer 
the so-called Principle Relativity.” 
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There are times the history science when various contra- 
dictions require that the process building stop until the most 
fundamental concepts are reéxamined. This was true the his- 


tory astronomy the time Copernicus. The prevailing con- 


ception the earth fixed center about which all the other 
bodies revolve had been practically sufficient for long time, but 
gradually difficulty after difficulty arose until was longer 
possible patch the old theory meet the accumulation 
stubborn facts. Only change the most fundamental con- 
ception, namely, that the earth fixed center, could harmony 
brought out chaos and new period development com- 
menced. seem passing through somewhat similar 
period physics, and the Principle Relativity” contains the 
modified concepts. 

way transition, let make one two statements this 
point about electric and magnetic systems general. can readily 
shown follow from known electromagnetic laws that two 
electric charges the same sign moving side side with the 
same velocity repel each other than when the two are stationary. 
This due largely the fact that, when moving, each charge 
surrounded magnetic field and this magnetic field introduces 
new forces. 

This simple statement introduces far more general one, for 
may shown that steady motion any electromagnetic system 
changes the force between the various parts the system that 
tends take new position equilibrium. The forces are such 
that the whole system tends contract along the line motion. 
allowed contract until reaches this new position 
equilibrium, then everything will before the system was set 
motion, with two important exceptions, the system has any in- 
ternal motions caused electromagnetic force. First, two mo- 
tions, say the oscillation two charges, one the front the 
system and the other behind, which stationary system take 
place simultaneously, will, the moving system, take place not 
quite for the forward one will somewhat behind 
time; and, second, all such motions will take place little slower 
than they did the stationary system. The term electromagnetic 
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system, used this sense, includes, course, all radiant energy, 
for will remembered that this type energy also electro- 
magnetic. 

Thus, grounds well-established electromagnetic theory and 
without any new fundamental conceptions whatever, can make 
general statement that any electromagnetic system, when set 
motion, tends assume new state equilibrium, and this 
change allowed take place, then all effects, electric and optical, 
take place the changed system manner exactly corresponding 
the way they did take place before the system was set motion. 

moment’s thought will make evident that are here ap- 
parently the presence fundamental lack harmony between 
electromagnetic phenomena and the phenomena connected with 
matter general; for, from the ordinary point view, the parts 


“rigid body” maintain their mutual relations unaltered 


not set motion, while, have seen, this not true 
electromagnetic systems. 

Now, have choice but consider real body com- 
bination made the two kinds systems there are two, the 
electromagnetic type and the “rigid body” type; hence clear 
that, when such mixed system set motion, there will 
considerable amount what might term internal discord, owing 
the conflicting tendency the two types. would very easy 
distinguish such mixed moving system from the same system 
rest, because its parts would bear quite different relations each 
other than they did before. Setting real system motion would 
like heating object made two substances having different 
coefficients expansion. The parts such system would then 
bear totally different relations each other than when the whole 
thing was rest, and the internal dissension would increase with 
the velocity and would depend its direction. 

Now matter fact, all live such moving mixed 
system, system which going around the sun with velocity 
nearly twenty miles second; and yet, although many carefully 
planned and executed experiments have been carried out detect 
differences the actions various electrical and optical systems, 
according they are made face with the earth’s velocity 
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across it, every one them has given negative results, and has 
thus shown that the relative parts the system bear the same rela- 
tion each other, matter what the direction motion 

like finding that object made metal and glass had 
strains set when heated, result which could only 
attained the metal and glass had the same coefficient expansion. 

What are conclude the case before us? There seems 
alternative. already have seen that electrons are 
among the fundamental constituents all have seen that 
radiant energy electromagnetic and that such energy permeates all 
matter. have seen that energy resembles matter possessing 
mass, and that, therefore, the same degree, matter resembles 
energy. The necessary conclusion seems that all physical phe- 
nomena obey the same general laws which the known electro- 
magnetic laws are yet the completest expression. 

And now what have committed ourselves this con- 
clusion regards changes due motion? Merely this: that all 
real systems being ultimately the above sense, 
undergo certain changes when set motion, but these changes are 
such leave all parts bearing the same relation each other. 
Thus since the knowledge observer travelling with the system 
only relative, not able detect such absolute changes, just 
are not able detect the motion the earth. The changes 
his system would noticeable observer whose instruments 
did not move, but cannot detected moving instruments. 

The kind change which have said produced system 
setting motion has one property which important and pro- 
foundly significant. that the moving observer sees precisely 
the same change stationary systems which passing the 
stationary observer sees the moving system; that not only can 
the moving observer not detect his motion means his instru- 
ments, but the two observers together, their memory fail, can 
means tell which moving. There is, other words, very 
complete symmetry with regard what the two observers can 
actually find out about their systems, although called one them 
stationary the beginning. 

Because this complete symmetry the most conservative among 
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will admit that the concept absolute motion need not used 
very often, least, the science the future; the foregoing 
views are true ones. The modern group conceptions known 
the teaches that the idea absolute 
motion entirely superfluous, and that the time honored concepts 
space and time, independent all motions, not accurately fit 
the real universe and should modified. 

Modified what way? Real time measured real clocks 
and real distance measured real rigid bodies, and find 
unexpected discord between moving clocks and stationary clocks, 
and between moving rods and stationary ones. have, therefore, 
possible use for what might called time.” 


‘ 


might form vague concept “cosmic second” pervading the 
universe, but could nothing with it, and would therefore 
entirely Whenever wished think about actual 
moving object and wished measure some vibration frequency 
it, let say, would have use some actual clock-beat other 
periodic phenomenon unit. that the actual universe has 
hopelessly its grasp, and our concepts space and time 
valuable must harmony with the habits real things. 

The principle relativity, therefore, makes changes the 
fundamental concepts space and time for moving systems; the 
second moving system longer, the meter, the direction 
motion, shorter, than stationary systems. The units then are 


harmony with real happenings such systems, and this makes 


possible introduce the last great synthesis modern theory, the 
deeper unity physical law under the dominance what have 
known electromagnetic principles; and this brings one step 
nearer the last, ultimate generalization which the unattainable 
ideal science. 


MASSACHUSETTS INSTITUTE TECHNOLOGY, 
April 20, 1911. 


RADIOACTIVITY. 


BERTRAM BOLTWOOD. 
(Read April 22, 


The study the discharge electricity through gases and the 
properties radioactive substances has done much broaden our 
knowledge the relations electricity and matter. has served 
throw new light the ultimate constitution matter itself, 
and, while confirming the older theory discontinuous atomic 
structure, has led the presumption that the chemical atom not 
only divisible into still smaller entities, but that some cases can 
undergo spontaneous disruption accompanied the ejectment 
certain its constituent parts high velocities. All this has opened 
broad and attractive field for more less legitimate speculation 
and conjecture. 

Since the first recognition Becquerel 1897 the radio- 
active phenomena exhibited the element uranium, the extension 


our knowledge the radioactive substances has steadily and pro- 
gressively advanced. This development has been due great part 
the early formulation the theory atomic disintegration, pro- 
posed 1902 Rutherford and Soddy, which has served 
systematic foundation and has afforded orderly basis for the 
interpretation the otherwise somewhat complicated relations. 
According this hypothesis the atoms the primary radioactive 


elements are considered undergo spontaneous disintegration and 

this manner give rise series successive radioactive prod- 

ucts, differing from the parent substances well from one another 

physical and chemical properties and the relative stability 

their atomic systems. Simultaneously with the disruption the 

atoms certain characteristic radiations are emitted the systems, 
333 
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and these radiations which led the discovery the radio- 
elements and which particularly distinguishes them from all other 
types matter. 

The characteristic radiations emitted radioactive substances 
are three number and are known the alpha, the beta and the 
gamma rays. 

For our knowledge the alpha radiation are indebted chiefly 
the work Rutherford and his associates, which has shown con- 
clusively that these rays consist discreet particles atomic dimen- 
sions, projected with high velocities and bearing positive charge. 
The earlier investigations were conducted with view determin- 
ing the mass the particles from the deflections suffered the 
rays electric and magnetic fields known strengths. value for 
the ratio the charge the mass was obtained this man- 
ner and this led the conclusion that, the charge particle 
was the same that carried the hydrogen ion electrolysis, the 
mass the particles was approximately twice that the hydrogen 
atom. Strong evidence was also obtained that the alpha particles 
emitted the different radio-elements are identical nature irre- 
spective the character the particular radio-element from which 
they originate. 

very ingenious experiment was then devised Rutherford 
and Geiger, which known fraction the alpha particles emitted 
radioactive source was allowed enter small ionization cham- 
ber containing gas Under the influence strong 
electric field the ions formed the entering particles acquired 
high velocity that additional ions were produced their collision 
with neutral gas molecules and the electrical effect was increased 
point where the action single particle could readily detected. 
was shown, moreover, that each the scintillations appearing 
screen Sidot’s blende placed the path the rays corresponded 
the impact single alpha particle. 

this manner the actual number alpha particles emitted 
radioactive substance was accurately counted, and was found that 
one gram radium itself emitted 3.4 alpha particles per 
second. 

measuring the electric charge imparted insulated plate 
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the impact given number alpha particles, the charge car- 
ried each particle could readily determined. This was found 
equal 9.3 electrostatic units. was then shown 
ingenious manner that this charge was twice that carried 
electron hydrogen ion, although preceding determinations 
the latter magnitude had indicated that its value was somewhat less 
than one half 9.3 The recent determinations made Mil- 
likam the charge ion have shown, however, that 4.65 
not far from correct and have confirmed the conclusion reached 
Rutherford and Geiger that the charge alpha particle 
equal twice the unit charge the hydrogen atom electrolysis. 

With this modification, the ratio the charge the mass 
alpha particle indicates that the mass equivalent atomic 
weight four. This corresponds the mass atom the 
gaseous element helium. 

The final proof the intimate connection the alpha particle 
with the helium atom was supplied Rutherford and Royds who 
proved spectroscopic methods that readily detectible amounts 
helium could always. obtained when large numbers alpha par- 
ticles were allowed penetrate through thin glass wall into 
highly evacuated receptacle into screen lead, from which the 
helium was ultimately released fusion the metal. 

significant fact that although the alpha particles from the 
different types radioactive matter appear all similar 
nature and consist atoms helium bearing double, positive 
charge, the velocities which they are ejected are different for the 
different radioactive substances. The velocity the particles emitted 
the atoms any one type matter undergoing transformation 
is, however, always the same and characteristic constant for that 
particular radio-element. Attention was first called this impor- 
tant relation Bragg and Kleeman and undoubtedly significant 
its bearing the constitution the radio-atoms. The observed 
velocities the particles appear lie between the limits 1.5 10° 
and 2.25 10° centimeters per second. 

Owing their high velocities the alpha particles are capable 
passing through thin layers ordinary matter, and can penetrate 
into air atmospheric pressure for distances from somewhat less 
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than three about eight centimeters. They produce phosphores- 
cence and chemical action substances which they impinge and 
strongly ionize gases through which they pass. 

Through measurements their deflection electric and magnetic 
fields the beta rays emitted radioactive substances have been shown 
consist negatively electrified particles electrons with 
apparent mass about one eighteen-hundredth that the hydrogen 
atom. The velocity with which they are projected considerably 
higher than that the alpha particles and some cases exceeds nine 
tenths the velocity light. penetrating through 
moderate thicknesses ordinary matter and for considerable dis- 
tances air. They cause phosphorescence and chemical action 
substances which they fall and produce ions gases through 
which they pass. 

Although the beta particles emitted the different types 
radioactive matter are all respects identical nature, they exhibit 
the same peculiarities with respect the velocities with which they 
are initially projected that has been observed the case the alpha 
rays. The velocity the beta rays from radio-element 
the same within certain limits for every disintegrating atom that 
element, but different from the velocity the rays emitted 
other elements. The velocity the beta rays therefore charac- 
teristic for each the substances which give rise this type 
radiation and has undoubtedly significant bearing the constitu- 
tion the radio-atoms. appears probable from some recent 
experiments performed Hahn and von Beyer, which magnetic 
spectrum the beta rays emitted certain radioactive substances 
was obtained, that the transformation some the radio-atoms 
accompanied the expulsion series beta particles differ- 
ent velocities. These results are very suggestive the model atom 
devised Sir Thomson which the atom was assumed 
built concentric shells electrons revolving with different 
velocities circular orbits. would seem quite possible that 
such system rearrangement the parts might result the expul- 
sion electrons from several layers simultaneously. 

The third type radiation associated with radioactive transfor- 
mations, known the gamma rays, similar the X-rays and 
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supposed consist electromagnetic pulses the ether. rather 
ingenious corpuscular theory the nature these rays has been 
proposed Bragg, but has not met with general acceptance owing 
the fact that appears not altogether accord with the 
experimental evidence. 

The origin gamma rays seems very intimately connected 
with the emission beta particles, for the two types radiation 
have been observed appear simultaneously and bear certain defi- 
nite relation one another. When the expelled beta particle has 
high velocity the gamma ray very penetrating character, while 
the velocity the beta particle low the gamma ray emitted has 
but little power penetrating ordinary matter. 

The disintegration the radio-elements takes place according 
very simple law and the number atoms any radio-element 
which undergo transformation the unit time definite propor- 
tion the total number atoms initially The number 
atoms remaining unchanged after any time given 
fraction undergoing transformation the unit time. This frac- 
tion has fixed and invariable value for each separate radio-element 
and for this reason known the constant change for the ele- 
ment question. relatively simple matter determine the 
period time required under these conditions for exactly half 
any given quantity radio-element converted into other 
substances and this time known the half value period. The 
rate change and the corresponding half value period definite 
characteristic for each the radio-elements but very different for 
the different radioactive substances. The half-value period ura- 
nium, for example, over five billion years while the half-value 
period certain other radio-elements only few seconds. 

Although the disintegration some the radio-elements has 
been examined over wide extremes temperature and pressure, and 
under various other special conditions which would greatly influence 
the course ordinary chemical reactions, has not been found pos- 
sible definitely alter effect the rate which transformation 
takes place the slightest measurable degree. therefore evident 
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that the disintegration the radio-active substances wholly 
different character from the ordinary chemical changes. This 
exactly what would expected the radioactive processes occur 
within the atoms themselves, for, accordance with our general 
theories, chemical forces appear restricted their action the 
exterior the atomic systems only. 

have thus far considered only the laws which govern the 
transformation radioactive matter and the radiations which ac- 
company the disintegration the atoms; now turn our atten- 
tion the substances themselves. Investigation has brought light 
three main groups radioactive elements—the uranium series, the 
thorium series and the alkali metals. the last mentioned our 
knowledge not very extensive. type beta radiation appears 
emitted the salts potassium and rubidium but their title 
considered true radio-elements not yet entirely clear. 

The uranium series, addition the parent substance, contains 
ten products which may properly considered the main line 
descent. These are uranium ionium, radium, radium emana- 
tion, radium radium radium radium radium and radium 
Each these products exhibits characteristic chemical beha- 
vior which different from that the parent element uranium. The 
half value period uranium has already been mentioned exceed- 
ing five billions years and the disintegration its atoms accom- 
panied the expulsion alpha particles. Uranium ionium and 
radium are solids, the two first having chemical properties similar 
thorium, while radium has those alkali earth and particularly 
resembles barium. Uranium has half value period about 
twenty-four days, and emits only beta and gamma rays. The rate 
disintegration ionium not yet known with any degree 
accuracy but certainly relatively stable product and trans- 
formed but slowly. Its half value period probably the order 
ten thousand years. emits alpha rays only. value period 
radium approximately two thousand years. Rutherford and 
Geiger have deduced somewhat lower value, namely 1,760 years, 
result their experiments, but this value probably under 
estimate, will explained later this paper. Radium emits 
alpha rays and probably very low velocity beta rays also. The 
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change following radium striking one for the product this case 
gaseous. known the radium emanation and has the inert 
chemical character the rarer gases the atmosphere, helium, 
neon, argon, xenon. When the atoms radium emana- 
tion undergo transformation, the succeeding product known ra- 
dium formed. This solid and deposited the form 
thin coating active matter the walls vessel containing the 
emanation. This acquirement activity the surface objects 
contact with the emanation was observed some time before 
satisfactory explanation the phenomenon was suggested. was 
therefore known “induced” activity. now 
called the active deposit. Radium which has half value period 
three minutes and emits alpha rays, followed radium 
which emits beta rays and half transformed about twenty-six 
minutes, and this turn succeeded radium with half value 
period about nineteen minutes. The transformation radium 
accompanied the expulsion alpha, beta and gamma rays. 
interesting product known radium then ensues, its transfor- 
mation being characterized the absence any detectible radiation 
whatever. product this sort known rayless change and 
other examples such change occur both the thorium and 
actinium series. account the similarity its chemical prop- 
erties those ordinary lead, radium known radio-lead. 


undergoes transformation more slowly than the immediately pre- 
ceding products and has half value period about sixteen years. 
followed radium beta ray change, with period five 
days, and this succeeded radium otherwise known polo- 


nium. Polonium emits alpha rays only and half transformed 
one hundred and forty-three days. 

addition the ionium-radium series, uranium also the pro- 
genitor another group radio-elements which actinium the 
first and most stable member. The rate change actinium has 
not yet been determined, but comparatively slow and probably 
the same order that the radium. Actinium offers another 
example the rayless changes which have already been referred 
to, and radiations have been observed accompany its trans- 
formation. 
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Six products subsequent actinium have thus far been identi- 
fied this series. The first radioactinium, element having 
half-value period days and emitting both alpha and beta par- 
ticles. subsequent product known actinium The half 
value period actinium about ten days and its atoms disin- 
tegrate with the expulsion alpha particles. The next step the 
series transformation the gaseous product known the actin- 
ium emanation. the radium emanation, chemically inert 
and incapable entering into combination with other elements. 
Actinium emanation very short lived substance and has half 
value period only 3.9 seconds. transformed successively 
into three other products, which are solids, known respectively 
actinium and and together constitute the so-called active 
deposit from the actinium emanation. Actinium has half value 
period minutes, actinium 3.1 minutes and actinium 
5.1 minutes. The first emits beta rays, the second alpha rays, and 
the third beta and gamma rays. 

already stated, actinium and its products are genetically con- 
nected with uranium and are, some manner yet obscure, derived 
from it. The evidence support this conclusion quite con- 
All uranium minerals contain definite quantities actin- 
ium and the older minerals the relative proportions uranium 
and actinium present are constant permit other expla- 
nation. But the actual genealogical history actinium still 
obscure and are not yet position clearly trace the line 
descent. Whether actinium formed directly from uranium 
special kind transformation which involves only small propor- 
tion the total number the atoms changing, whether its pro- 
duction occurs later stage the uranium-radium series, 
present open question and the discovery the true relations 
one the most interesting problems now awaiting solution. 

The thorium series presents another group radio-elements 
comprising ten successive members. shall not stop enumerate 
these detail, but their principal physical and chemical character- 
istics have already been determined. Thorium itself, the parent sub- 
stance, has very slow rate change, which probably not more 
than fifth that uranium. 
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Its first product, mesothorium another example rayless 
change like radium and actinium. Owing the fact that large 
quantities monazite are commercially treated for the extraction 
thorium used the manufacture incandescent gas mantles and 
that the technical separation and isolation mesothorium appears 
economic possibility, there some prospect that mesothorium 
may become competitor radium for scientific and therapeutic 
uses. Its life compared with radium relatively short, however, 
its half value period being years, but this itself not neces- 
sarily serious disadvantage. The chemical properties meso- 
thorium are similar those radium and barium. 

The fifth product the thorium series known the thorium 
emanation and chemically inert gas like the radium and actinium 
emanations. The remaining four products constitute the thorium 
active deposit. 

The combined uranium and thorium series includes radio- 
elements, which only the two parent elements were known before 
the development radioactive methods. Radioactivity 
fore added considerable quota the known types matter. 

interesting relation which met the study radioactive 
change the so-called radioactive equilibrium. relatively long- 
lived radio-element the parent less stable product and 
initially entirely freed from then certain definite fraction 
the atoms will undergo transformation each second form 
atoms the product The number atoms produced from 
this manner each second will essentially constant and the 
amount will increase. the atoms also undergo trans- 
formation constant rate and, the quantity increases, 
continually increasing number its atoms will transformed 
the unit time. point will finally reached where the number 
atoms which disintegrate any given time will exactly 
equal the number atoms formed from the same 
interval. The relative amounts and will then remain con- 
stant and the conditions can expressed the equation 


where the number atoms and its constant change, 
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and the number atoms and the constant change 
the product Under these conditions the substances and are 
said equilibrium with one another. The general mathemat- 
ical theory successive changes this kind has been developed 
Rutherford. 

the discussion the characteristics the alpha rays has 
been pointed out that the evidence supplied the determination 
the ratio the charge the mass these particles indicates that 
their nature the same all cases. Let consider briefly the 
additional facts which are support this conclusion. 

The presence considerable proportions helium crystalline 
minerals containing uranium and thorium has been very frequently 
noticed. was found Ramsay and Soddy 1903 that helium 
could detected the residual gas set free when specimen 
crystalline radium bromide was dissolved water, and shortly after 
this they showed that the spectrum helium appeared with time 
tube which initially contained only radium emanation. Debierne 
found that helium was produced strong preparation actinium, 
and conclusive proof has also been obtained Strutt and Soddy 
that helium results from the disintegration both thorium and 
uranium. 

During the past year was able experimentally demonstrate 
the production helium ionium, and some earlier experiments 
carried out Professor Rutherford and myself showed that helium 
appeared during the disintegration polonium also. The latter 
conclusion has since been confirmed the work Mme. Curie and 
Debierne. 

The data supplied the counting experiments Rutherford 
and Geiger afford basis for the calculation number impor- 
tant physical quantities, such the mass the hydrogen atom, the 
number atoms one gram hydrogen and the number mole- 
cules per cubic centimeter any gas standard pressure and tem- 
perature. similar matter Rutherford and Geiger have calcu- 
lated the amount helium produced per year one gram radium 
containing equilibrium amounts its three alpha ray products, the 
emanation, radium and radium The number obtained this 
way was 158 cubic millimeters helium per year per gram 
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radium. Measurements the rate production helium 
radium salt have been carried out Sir James Dewar and have 
given results somewhat excess this, namely 182 and 169 cubic 
millimeters. confirmation the accuracy Rutherford and 
Geiger’s values, however, may stated that investigation 
the production helium radium made last year Professor 
Rutherford and myself gave results excellent agreement with the 
calculated value. account these experiments will published 
shortly. 

connection with these results there is, however, one rather 
important point which should mentioned. This the fact that 
the rate production helium and the half value period radium 
calculated Rutherford and Geiger from the results their 
counting experiments, are directly dependent the purity the 
salt radium used standard their measurements. They 
assumed that the material their radium standard was pure anhy- 
drous radium bromide containing 58.5 per cent. radium. this 
was not the case and the material used their standard contains 
less than the theoretical amount radium, their calculation the 
number alpha particles emitted per gram radium and the rate 
production helium too low, and their estimate the half 
value period radium too high. If, the other hand, the mate- 
rial their standard consists part some other compound 
radium containing higher proportion this element than con- 
tained the bromide, their value for the number alpha particles 
emitted and the rate production helium too high and their 
calculated rate disintegration radium too low. 

There are certain reasons which lead believe that the 
radium standard used Rutherford and Geiger actually contains 
higher proportion the element radium than they have assumed 
their calculation, and that the true half value period radium 
greater than 1,760 years they have deduced it. 1908 pub- 
lished account some experiments the growth radium 
ionium preparations, which pointed two thousand years the 
half-value period the former. This estimate was quite indepen- 
dent any radium standard and the opinion that nearer 
the true value than the estimate made Rutherford and Geiger. 
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The point can definitely settled, however, comparison 
Rutherford’s standard with standard indisputable purity. Such 
standard prospect the not distant future and its prepara- 
tion has been undertaken Mme. Curie behalf the Interna- 
tional Radium Standards Committee appointed the recent Radio- 
logical Congress Brussels. 

very interesting action which has been observed accompany 
radioactive transformations known the recoil phenomenon. 
When plate bearing thin layer very active material placed 
close proximity another plate which inactive, portion 
the active matter becomes detached from the film and deposited 
the surface the second plate. 

The effect increased considerably the receiving plate 
charged negatively with respect the plate bearing the active coat- 
ing. This action apparently due the fact that, when the alpha 
beta rays are expelled high velocity from radio-atom under- 
going transformation, the reaction the residual atom causes this 
move the opposite direction with sufficient force detach 
from the plate. The action analogous the recoil rifle 
attending the expulsion high velocity bullet. When, for exam- 
ple, the active coating the first plate consists radium then 
the active matter received the second plate composed almost 
exclusively radium and when the film consists radium the 
material thrown off for the most part radium This and other 
similar effects which have been noted are all such nature 
suggest that the explanation proposed for this interesting phenom- 
enon the correct one. The effect the electric field indicates that 
some way these “rest atoms” acquire positive electric charges. 

From the standpoint the disintegration theory, evident, 
when consider the three principal groups radioactive sub- 
stances, the uranium-radium group, the actinium group, and the 
thorium group, that the radioactive phenomena exhibited the 
atoms abruptly disappear after they have passed through certain 
series transformations, which terminates with radium one 
instance, with actinium another and with thorium the 
third. The apparent explanation this circumstance would seem 
be, that, following the last active change, the residual atomic 
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nucleus finally attains permanently stable form which undergoes 
further alterations. such indeed the case, then might 
expect that these ultimate end products radioactive decay would 
accumulate old radioactive minerals where the process trans- 
formation has been proceeding for long geological periods. This 
line reasoning has enabled identify least one these 
products and that is, all probability, the one following radium 
The residual atom this case appears other than the atom 
ordinary lead. There are, moreover, certain theoretical argu- 
ments which point the same conclusion. The accepted atomic 
weight uranium 238.5. has been found that two alpha par- 
ticles are emitted during its transformation and one the succeed- 
ing product, ionium. This would correspond the loss three 
alpha particles helium atoms with atomic weight four 
total twelve units. Two hundred and thirty-eight and one half 
less twelve give two hundred and twenty-six and one half for the 
atomic weight radium, which corresponds the value obtained 
the actual determination the atomic weight this element 
Mme. Curie. The transformations the atoms radium, the 
emanation, radium radium and radium are each accompanied 
the expulsion another alpha particle, making five all. Five 
times four twenty and two hundred and twenty-six and one half 
less twenty two hundred and six and one half. The latter number 
sufficiently near two hundred and seven and one tenth, the most 
recently determined atomic weight lead, support the conclusion 
that lead the ultimate disintegration product radium. has 
not yet been possible determine the end products the actinium 
the thorium series but they will undoubtedly identified among 
the various elements occurring small proportions the older ura- 
nium and thorium minerals. 

Before completing this necessarily brief résumé the present 
status the study radioactive phenomena necessary make 
some reference the series papers published Sir William 
Ramsay associated with Cameron and Usher. These 
papers, which deal with the action radium emanation various 
other substances, suggest the occurrence certain changes, which 
they really took place would fundamental importance the 
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theory the constitution matter. Unfortunately, little weight 
can attached these results and the conclusions reached these 
authors, that they have received serious consideration from those 


most competent judge their value. 

closing, point which seems worthy special emphasis may 
briefly mentioned. This the apparently important part played 
the alpha material particle emitted during radioactive trans- 
formations. those cases where has been possible observe 
its influence, the loss alpha particle always accompanied 
corresponding decrease the mass the atom from which 
separated. Although the disruption radio-atom accompanied 
the release relatively enormous amount energy, still 
appears that the fragments projected into space are always one 
the other two quite distinct classes; either beta particles 
extremely small mass, helium atoms mass seven thousand 
times that the beta particles. far the results our experi- 
ments have enlightened have not yet been able observe the 
resolving the far the greater proportion the effective mass 
atom into anything other than further subdivision ordinary 
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THE DYNAMICAL EFFECTS AGGREGATES 
ELECTRONS. 


OWEN RICHARDSON. 
(Read April 22, 


ELECTRONS AND MATTER. 


The enormous difference the behavior different materials 
towdrds electric force matter with which everyone familiar; 
and one the triumphs the electron theory that has given 
very satisfactory picture the difference between insulators 
and conductors electricity. are regard all matter made 
primarily out electrons. They are the stones with which the 
material structure built up, the electrodynamic forces are the 
cement which holds the stones together. There are, however, two 
different ways which the electrons may exist given portion 
matter. They may located position stable equilibrium, 
which case very small force will displace them small extent 
but perfectly enormous force would required dislodge them, 
thoroughly and give rise instability; they may loosely 
held that they are able move about the interstices the material, 
very much after the fashion which believe the molecules move 
about the former case, when the electrons are practically 
fixed, say the substance insulator; the latter case, where 
they are wandering about, the substance conductor. 

moment’s reflection will show that this difference sufficient 
explain the difference between insulators and conductors. Con- 
sider what happens when slab the first kind placed 
electric field. There will displacement the electrons, 
true, but the displacement will small and they will all return 


their original equilibrium positions soon the external field 
347 


A 
A 
F 
4 
Fe 
7 
4 
q 
Fe 
tm 


348 


RICHARDSON—DYNAMICAL EFFECTS 22, 


removed. There will transportation electrons and that 
what, the electron theory, constitutes electric current. The 
electric field across the slab is, nevertheless, different from what 
would the material were not present. The difference be- 
tween different insulating materials this respect depends solely 
the comparative ease displacement the electrons they con- 
tain. The specific inductive capacity dielectrics, which, you will 
remember, was discovered Cavendish and Faraday, is, fact, 
measure the product the number electrons unit volume 
the material the average displacement which they undergo 
unit field. 

The behavior the second kind material quite different. 
Even the absence the electric field, the so-called free electrons 
are moving about irregular manner all directions. 
effect external field superpose the irregular motion 
definite drift, the average, the direction the current. This 
drift the electrons involves transportation electricity and there- 
fore implies the existence electric current. 

All the laws which regulate the transference electricity across 
conductors, such as, for example, Ohm’s Law, which states that the 
current proportional the applied electromotive force, and Joule’s 
Law, which states that the rate production heat current 
equal the product the resistance the circuit the square 
the current, follow once from this simple hypothesis. not 
necessary suppose that all the electrons the material are present 
the free condition; some them may be, and all probability 
the majority are, ina state equilibrium similar that which occurs 
insulators. All that necessary that some the electrons 
should able move without restraint. When the other conditions 
are the same the magnitude the current which given material 
will transport proportional the number carriers 
that is, the number free electrons per unit volume. 

the explanation the relation between the conductivity 
substances for electricity and for heat that the electron theory 
has scored one its most notable triumphs. Everybody knows that 
the best conductors for electricity are also the best conductors for 
heat. not generally known how very close the relationship 
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between the two phenomena is. the accompanying table two 
columns figures are shown. 


Coefficient of 


Ratio: Thermal Conductivity, this Ratio, 
Material. Electrical Conductivity. Per 
Constantan (60Cu, 4ONi) ....11.06 10” 18° 


10 


Manganin (84Cu, 4Ni, 12Mn).. 9.14 18° .27 


They represent the results measurements Jaeger and Dies- 
selhorst the electric and thermal conductivities large number 
metals and alloys. The first column figures gives the ratio 
the thermal the electrical conductivity for each these substances 
and the second gives the percentage change this ratio when the 
temperature increased one degree. will once noticed that 
the numbers each column are almost equal, particularly 
keep the pure metals. Thus for every pure metal the electrical 
conductivity bears the thermal conductivity proportion which 
almost independent the metal: and the ratio the thermal con- 
ductivity the electrical conductivity increases almost the same 
amount for one degree rise temperature for each metal. The 
coefficient increase this ratio with increase temperature 
also very nearly equal the coefficient increase the volume all 
gases with temperature, when the pressure maintained constant. 
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These interesting relations were shown consequence the 
electron theory conductors Drude. proved that they fol- 
low inevitably from the assumptions (1) that metal contains 
electrons which move about freely like the molecules gas, (2) 
that they possess certain average mean length free path 
during the traversing which they are only acted the 
external applied electric force, (3) that this path terminated 
collision and that the new motion which then ensues is, the 
average, independent the previous motion; and lastly (4) that 
their average kinetic energy the same the average kinetic 
energy translation molecule any gas the same tempera- 
tur the metal. 

simplified form Drude’s deduction may given here. 


the electric intensity inside the metal, the electric charge pos- 
sessed electron and its mass, then the force acting the 


electron during its free path and its acceleration Xe/m. 
the velocity the particle the beginning the path its 


velocity the end will where the average time be- 


tween two collisions. The average velocity the direction the 
electric field therefore since the average value taken 


over large number electrons zero. Now the free path 
equal where the mean speed. Thus the average drift 
velocity the electrons the direction the electric field may 


unit volume, the number them which, unit time, drift across 
unit area drawn perpendicular the direction the electric force 


quantity electricity transported across unit area, other words, 
the electric current density will 


Now necessary consequence the principles which under- 
lie the kinetic theory matter that should equal where 
the absolute temperature and universal constant which may 
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calculated from the properties gases. This assertion the 
mathematical statement the relation (4) enumerated above. 


Making this substitution find that the specific electrical conduc- 
have the same value for all substances, and are constants charac- 
teristic each substance, independent the nature the 
material but proportional the square root the absolute 
temperature. 
well-known result experiment that the specific conduc- 
tivity all substances inversely proportional the absolute tem- 
perature. therefore conclude that the product for all metals 


must inversely proportional the square root the absolute 


temperature. 
well-known result the kinetic theory gases that the 


Thus this ratio should have the same value for all metals the 
same temperature and the temperature variation should the same 
that the volume gas constant pressure. These are the 
relations which are exhibited the experimental results Jaeger 
and Diesselherst. 

The electron theory metallic conduction has enabled 
understand number curious effects which occur when con- 
ductor placed magnetic field. One these, the Hall effect, 
consists deflection the line flow current which 
caused the magnetic field. Another effect, which especially 
marked the case Bismuth, alteration the specific resist- 
ance the material caused magnetic field. These effects are 
intimately connected together and have simple explanation the 
electron theory. well known that any electrified particle moving 
the plane containing the magnetic force and the direction motion. 
The superposition this force upon the other forces acting the 
electrons metal carrying current will cause all the electrons 
curve round the same general direction, giving rise the Hall 
effect. will also increase the average curvature the paths the 
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electrons. this way the time which required for electricity 
transferred will greater that the specific electrical conductivity 
will diminished. This the explanation the second effect. 
Both these effects are complicated the action the electrons 
the atoms that the foregoing description only regarded 
rough outline what really occurs. 

far have only considered the way which the electron 
theory conduction explains number phenomena which were 
familiar before was enunciated. The power this neces- 
sary attribute every scientific theory. scientific theory, how- 
ever, often much more useful than this that leads the pre- 
diction phenomena which would hardly have been foreseen without 
its aid. The present theory has been able prove its usefulness 
this way, the principles underlying have enabled develop 
new chapter physical science, chapter which have ventured 
give the name Thermionics. Thermionics relates the emis- 
sion electrified particles hot bodies and the phenomena which 
they give rise. 

found that all bodies when heated sufficiently high tem- 
perature give rise emission both negatively and positively 
charged particles. many ways the negative emission the more 
interesting the particles emitted are negative electrons having prop- 
erties identical with those the carriers the cathode rays. The 
connection between this emission negative electrons and the trans- 
portation electricity metallic conductor very intimate. 
have seen that, order explain the phenomena exhibited me- 
tallic conduction, necessary suppose that such conductors 
contain large numbers electrons. these electrons are 
maving about freely inside the conductor, have supposed, the 
question once arises why they not escape into the sur- 
rounding atmosphere. clear that they not so, otherwise 
there would leakage electricity from the surface all con- 
ductors ordinary temperatures. The answer must that there 
are forces the surface the metal which are sufficiently great 


prevent them from escaping. Now consider what should ex- 
pect happen the temperature such body Wehave 
supposed that the average kinetic energy the contained electrons 
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higher the higher the temperature. Clearly, sufficiently high 
temperature some the particles will have enough energy from their 
heat motion able break through the surface. Moreover, the 
number which are able escape will greater the higher the 
temperature. 

theory following these lines has succeeded predicting the 
way which the emission the electrons depends upon the tem- 
perature well number other interesting relations between 
the thermal and electrical behavior substances. will re- 
marked that the view which has been outlined very similar the 
view the phenomenon evaporation which afforded the 
kinetic theory matter. According that theory the particles 
the liquid escape into the vapor when their kinetic energy (to 
accurate ought say that part which depends the com- 
ponent velocity normal the surface) exceeds the work they 
have order pass through the surface. Thermionic emis- 
sion may looked upon then simply the evaporation electrons 
which may regarded dissolved the metal. Just water 
cooled when evaporates and heated when steam condenses into it; 
should expect conductor cooled when emits electrons 
and heated when absorbs them. Both these effects have recently 
been discovered, the former Wehnelt and Jentzsch and the latter 
Richardson and Cook. 

There one point this connection which worthy further 
consideration. have seen that necessary suppose that 
the electrons metal behave like the molecules gas. The 
same will least true them after they have been emitted. 


Thus when metal high temperature lies air-tight en- 


closure there will two atmospheres electrons, one high 
pressure inside the metal and the other low pressure the 
enclosure outside the metal. the principles the kinetic 
theory matter are well grounded can shown that both 
these atmospheres the electrons are moving about with all possible 
speeds but that the proportion them which have given speed 
the same for each atmosphere. Moreover, the proportion the same 
known function the temperature each case and each case also 
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the average kinetic energy should the same the average kinetic 
energy molecule any gas the temperature the enclosure. 

fact the laws the kinetic theory gases can applied 
without change the atmospheres electrons and the above asser- 
tions are simply statements theorem the kinetic theory 
gases called, after its discoverers, the Maxwell-Boltzmann Law. 
According this law large number molecules are selected 
random out any gas the proportion them which have speeds 
lying between certain assigned values let say and certain 
definite function and u’. The value this function, which 
addition and depends only upon the temperature the gas 
and the mass its molecules, was first deduced Maxwell. Max- 
well’s deduction the value this function, though sufficiently con- 
vincing those who are familiar with the methods mathematical 
physics, was, neverthless, highly abstract piece and 
has been impossible the present make anything the 
nature direct test experiment gases. With the 
atmospheres electrons are, however, able great deal 
more than could with gas made uncharged molecules. 
placing them suitable electric field can bring forces bear 
each individual electron which are enormous compared with the 
forces exerted molecule the earth’s gravitational field. For 
example the electrons are being emitted from heated flat plate 
can place another flat surface little front and charge up, 
that the electric field tends drive the ions back into the surface 
which they originated. Under these circumstances only those 
electrons will able cross from one plate the other their 
kinetic energy greater than certain value depending the elec- 
tric field between the plates thus the current that gets across will 
measure the number electrons emitted whose kinetic energy 
exceeds known value. experiments this kind, and others 
based similar principles, have succeeded determining the 
law distribution speed among the individual electrons which 
are emitted. found agree every particular with that pre- 
dicted Maxwell for the case gas whose temperature the 
same that the metal emitting the electrons and whose molecular 
weight equal the mass electron. particular the average 
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kinetic energy the electrons the same that the molecules 
gas the temperature the metal which emits them; and 
can calculate the value the well-known constant the gas 
equation where the pressure, the volume and the 
absolute temperature the gas, from purely electrical experiments 
the kind indicated. follows from the results these experiments 
together with simple application the principles the dynamical 
theory gases that the free electrons inside metal must have the 
distribution velocity which required Maxwell’s law and 
particular must have the same average translational kinetic energy 
the molecules gas the temperature the metal which 
contains them. 


MATERIAL MEDIA AND ELECTROMAGNETIC RADIATIONS. 


The action light insulating media rather complicated, 
but extremely important, phenomenon which the electron theory 
has thrown great deal light. Maxwell showed, many years ago, 


that light electromagnetic phenomenon. beam light 
fact wave oscillating electric and magnetic force, the electric 
and magnetic forces being right angles one another and the 


direction propagation. When such wave falls insulating 
medium the oscillating electric force will set into vibration the com- 
paratively stable electrons which, have seen, are embedded 
the medium. The electrons will execute what are appropriately 
called forced oscillations, about their original equilibrium positions, 
and these oscillations will have the same periodic time the light. 
Thus when traverses material insulating medium the light has 
not only keep itself going; has keep the electrons which make 
the medium going well. Roughly speaking one may say that 
the electrons such medium behave like load the luminif- 
erous ether. should therefore expect them diminish the 
speed propagation light through and this found 
the case. The exact expression for the velocity cannot obtained 
without going more deeply than have time into the electro- 
magnetic theory light. was first given Maxwell, who 
showed that the refractive index, which the velocity propaga- 
tion inversely proportional, was equal the square root the 
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effective specific inductive capacity the medium. Now the spe- 
cific inductive capacity insulating medium equal unity 
plus the product the number electrons per unit volume 
their average displacement unit electric field. When the material 
subjected constant electric forces the displacements the elec- 
trons are always proportional the forces and the specific inductive 
capacity therefore constant quantity. When the force 
oscillating one the matter complicated the fact that the elec- 
trons try, were, strike balance between their own natural 
period oscillation and that the force acting them. They 
end oscillating with the same frequency the force which 
excites them but the distance they travel from their equilibrium 
position depends good deal their natural periods well. Thus 
the specific inductive capacity for oscillating forces will not 
constant quantity but will depend some extent the frequency 
oscillation the force. the effective specific inductive ca- 
pacity mean the specific inductive capacity for electric forces 
which oscillate with the frequency the light under consideration. 

evident from what has been said that the refractive index 
insulating substance depends upon the frequency or, other 
words, upon the color the light. see once why beam 
white light split prism into the constituent spectral colors. 
For each ray deviated the prism according the value its 
refractive index. 

Perhaps the most interesting question this part our subject 
that the behavior substance towards light whose frequency 
close that the natural periods the substance. that case 
the electrons are set into violent motion owing the occurrence 
what are sometimes called sympathetic vibrations. The nature 
this phenomenon may best illustrated considering simple 
mechanical analogy. Imagine spiral wire with weight one 
end hung from shaking support. the weight pulled 
down and let will oscillate backwards and forwards with 
definite natural frequency which depends the stiffness the 
spring and the heaviness the weight. the shakiness the 


support arises from tremors the building, the walls which 


will suppose bolted, rule the frequency its vibrations will 


q 


1911.] AGGREGATES ELECTRONS. 357 


very great compared with the natural frequency the spring. 
that case the shakiness the support will have very little effect 
the spring. however the frequency the tremors happens 
equal nearly equal the natural frequency the spring the 
latter set into very violent agitation, for the reason that the 
natural swings the spring are continually being helped the 
oscillations the support. 

precisely analogous effect takes place when the period the 
light close the natural period the electrons. fact can 
shown that, there nothing analogous frictional force 
damp down the vibrations the electrons, they will execute oscilla- 
tions infinite amplitude when there exact coincidence between 
the periods. Since the displacement the electrons unit electric 
field the important factor determining the refractive index 
should expect its value change very considerably this region. 
matter fact, the extreme case where there damping, 
the value falls rapidly from small positive quantity the 
short wave-length side the position coincidence the value 


exact coincidence the period exact coinci- 
passed changes suddenly and the long wave- 
length side falls rapidly rather larger positive value than the 
one that had great distance from the natural period the 


short wave-length side. 

Several very important deductions can drawn from the results 
which have just been described. the first place notice that 
provided always keep the same side the natural period, 
matter which side choose, then the refractive index always 
diminishes the wave-length increases. Hence, since the devia- 
tion light prism greater when the refractive index 
greater will smaller the greater the wave-length. The blue 
light will therefore deviated more than the red light the spec- 
trum. This the well known kind dispersion which exhibited 
prisms glass and similar colorless transparent substances. 

When part the spectrum lies one side the natural period 
and part the other there sudden increase the value the 
refractive index when the natural period crossed. The spec- 
trum will then consist two groups colors, that the long 
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wave-length side being more deviated than that the short wave- 
length side, although each group the colors are the normal 
order. This the so-called anomalous dispersion which was dis- 
covéred Kundt and which exhibited all transparent colored 
bodies, like the aniline dyes, which possess metallic shimmer. 
Immediately the short wave-length side A,, have seen that 
has negative value the case are contemplating. this 
region has therefore what mathematicians call imaginary value. 
can shown that this imaginary value means that the waves are 
incapable entering the medium. When train waves this 
wave-length falls the medium they are not absorbed, properly 
speaking, but are completely reflected. The substance would appear 
opaque light this wave-length not because absorbs the 
light which falls but because reflects completely. 
mixed light which contained some this particular wave-length 
were made undergo sufficient number successive reflections 
from plates the substance, only light this particular region 
frequency would ultimately left over, since certain percentage 
the other wave-lengths always gets through. This principle has 
been utilised Rubens isolate radiations definite wave-length 
the infra-red part the spectrum. These radiations are called, 
very appropriately, residual rays. 

The foregoing discussion does not touch the very interesting 
questions the absorption light insulating media. There will 
absorption, properly speaking, unless there are forces acting 
the moving electrons which tend dissipate the energy the 
light. Such forces must general exist and usually assumed 
that there retarding force proportional the velocity the 
moving electrons, chiefly because this the simplest assumption 
which can made which not contradiction with fact. The 
existence forces this kind modifies the foregoing conclusions 
considerable extent detail but does not affect their general 
character. 

Planck has pointed out that follows froni the principles the 
electromagnetic theory light that the radiation from the moving 
electrons gives rise retarding force which may taken 
proportional their velocity. Such force must unquestionably 
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exist but its magnitude quite small. interest see 
sufficiently large account for the known cases which the 
dissipation energy smallest. These are unquestionly the cases 
which residual rays are obtained. have developed formula 
which expresses the percentage incident energy which goes into 
the residual rays, which includes the case where dissipation taken 
account of. This formula leads two separate methods esti- 
mating the order magnitude the dissipation. Both these 
methods show that the dissipation must the order cer- 
tain units where Planck’s theory leads dissipation the order 
the same units. Thus the source dissipation pointed out 
Planck about times too small account for the smallest 
case dissipation known us. 

inclined think that the most general type absorption 
light bodies this class the following character. 
have seen that the electrons execute forced vibrations under the 
influence the incident light. When the period the light ap- 
proximates the free period the electron the electrons absorb 
great deal energy from the light. general this absorption 
energy will until the vibrations carry the electron out its 
region stability. rearrangement the system will then take 
place and during this rearrangement great deal the kinetic 
energy which the electron has accumulated will transferred other 
parts the substance and will make itself felt heat. far 
that particular electron concerned the sympathetic vibrations will 
have established all over again. not necessary suppose 
that during this process the electron actually carried out the 
atom when breaks loose from the region stability. The whole 
occurrence may take place the one atom. the other hand 
know great many cases bodies which emit electrons under the 
influence light and these cases the electrons must get carried 
out the atom. seems the writer advantage 
this view that connects the absorption light with the so- 
called photo-electric effect. first approximation this view 
the absorption light leads the same relation between absorption 
and frequency does the assumption retarding force propor- 
tional the velocity. 


1 
. . 
& 
: 


360 RICHARDSON—DYNAMICAL EFFECTS [April 22, 


There another point this connection that not without in- 
terest. any theory absorption the natural periods sub- 
stance are characterised conferring either intense absorp- 
tion intense opacity. therefore evident that they can 
detected very readily experiment. From analysis the nat- 
ural periods large number substances which has been carried 
out Drude appears that there are two types vibrations which 
occur. the one the electron forms the vibrating system and the 
other one the constituent atoms group atoms vibrate 
whole. Owing chiefly the enormous difference between the mass 
electron and that atom there enormous difference 
between the frequency the two types. The electronic type 
always gives rise frequencies the ultra-violet part the spec- 
trum and the atomic type natural frequencies the infra-red. 
therefore not accidental circumstance that almost all chem- 
ically pure substances which are not conductors electricity are 
transparent the visible spectrum. 

The action Roentgen rays matter subject great inter- 
est. According the ether pulse theory these rays elaborated 
Sir Thomson, the relation between the Roentgen rays and 
sodium light similar that between series sharp cracks and 
musical tone. And the modern view the nature white light 
the difference between white light and the Roentgen rays one 
degree rather than kind. The cracks corresponding Roentgen 
rays are much sharper than those which correspond white light. 
the principles harmonic analysis which owe 
Fourier should possible resolve either these kinds 
radiation into simple harmonic elements. have estimated that the 
average frequency these elements for the rays would 
10,000 times greater than that for those which form white light. 
This estimate based the view that the kinetic energy the 
electrons emitted bodies under the action ultra-violet light and 
Roentgen rays function the frequency the equivalent vibra- 
tions. The experimental results indicate that the functionality 
linear one and there considerable theoretical support for this view 
Some investigators have maintained that the square root the 
energy proportional the frequency; but even this extreme 
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view taken the estimated frequency not changed enough 
affect the general argument. 

the Roentgen rays are much like white light you will 
once ask why they are not deviated prism. The answer very 
simple. follows from the principles the electron theory that 
the refractive index substance for electromagnetic vibrations 


charge electron, its mass, its natural frequency and 
the number electrons type unit volume the material. 
general this formula will not exact account the interactions 
the electrons one another but will give results the right 
order magnitude. Now and have the same value for all 
electrons and the part the spectrum near the visible 
the order unity for such frequencies fall within that 
region. Now will always the order the number mole- 
cules per cubic centimeter whichever the classes electrons 


consider, that may draw the following conclusions: (1) 


account the very great absolute value will equal 
unity except for very narrow range the immediate neighbor- 
hood (2) Only such substances will capable re- 
fracting the Roentgen rays have natural frequencies which lie 
within the range values embraced the Roentgen rays ex- 
perimented on. any event clear that with mixed group 
rays such emitted ordinary X-ray bulb, practically the 
whole them will pass through prism without deviation. 

Barkla’s experiments secondary rays show that the Roentgen 
rays exhibit phenomena very much akin fluorescence optics. 
One interpretation Barkla’s results would that there are 
material atoms natural frequencies comparable with the frequencies 
the Roentgen rays. that case, although almost the whole 
beam Roentgen rays would undeviated prism there 
should small amount which would deviated. present 
making experiments detect this effect. 

course one adopts the corpuscular view the Roentgen 
rays recently developed Bragg, effects the kind described are 
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not expected. present the balance evidence seems 
decidedly against the corpuscular view. 

inclined think that the primary Roentgen rays originate 
largely the result secondary actions due the stirring 
the electrons the atoms the anti-cathode the rapidly mov- 
ing cathode rays which impinge them. this view the con- 
stituent frequencies the rays would be, considerable extent, 
matter the atoms which they originate and may that the 
gap electro-magnetic radiations between ultra-violet light and the 
Roentgen rays, which exists present, may never filled up; 
there may atoms which have natural periods the neighbor- 
hood these frequencies. 


Recent years have seen the accumulation very large quantity 
material relating optical effects which are produced mag- 
netic field. impossible, within the limits this discussion, 
attempt show the enormous usefulness the electron theory 
the development the science magneto-optics; but there one 
phenomenon which cannot afford pass entirely, only 


account its historical importance. refer the Zeeman effect. 
This effect was called after its discoverer, who showed that the 
spectral lines which are emitted all gaseous substances under 
suitable conditions excitation, were slightly displaced very 
strong magnetic field. The true explanation this phenomenon 
was once given Lorentz. pointed out that the 


monochromatic light was emitted vibrating electrons the fre- 


quency the vibrations would altered the atom which con- 
tained the electrons found itself magnetic field. This change 
the frequency, course, corresponds with change the wave- 
lengths the emitted light. also predicted that the emitted 


light would polarized certain way and this was confirmed 


experiment. Lorentz showed, addition, that the value the 
electric charge electron, divided its mass, could calculated 
from the displacement the spectral lines the magnetic field. 
The results these calculations showed that the value this ratio 
was the same that found Sir Thomson and Wiechert for 
the cathode rays discharged tube. Thus the Zeeman effect and 
the cathode rays were the first two phenomena which afforded ex- 
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plicit evidence the existence these minute charged particles, 
whose mass nearly 2,000 times smaller than that the lightest 
known chemical atom. 

The emission ordinary heat radiation such given out 
all substances, and increasing amount the higher the tempera- 
ture, very intimately connected with the theory electrons. 
well known this radiation electromagnetic character and in- 
cludes visible light particular case. also know that when 
electron accelerated emits electromagnetic radiation. 
natural therefore attribute the origin this radiation the 
motions the electrons which material bodies are made up. 
making use the principles thermodynamics can prove 
that the nature the radiation this character which 
found any enclosure maintained given temperature inde- 
pendent the nature the walls the enclosure. The amount 
and character this radiation thus independent the material 
from which originates. therefore can calculate the amount 
this radiation each wave-length for any particular substance, 
for series temperatures, shall know what for all sub- 
stances the same temperatures. Unfortunately when such 
calculation carried out the most logical and natural way 
leads results which are not agreement with those given 
experimental measurements. Another mode calculation given 
Planck leads formula which agrees with the experimental values. 
has been shown however that Planck’s calculation involves the 
implicit assumption that energy atomic discontinuous quan- 
tity. This idea distasteful many physicists and revolu- 
tionary that not desirable adopt without very convincing 
evidence. One the authorities this very intricate subject, 


Jeans, maintains that the reason for the discrepancy between the 


less revolutionary theory and experiment due the fact, 
asserts, that the experiments not measure the true equilibrium 
radiation. However this may be, the difficulties which lie the 
explanation the connection between radiation and temperature 
not belong the electron theory proper but are outside it. 
matter how may decided the outcome this question 
not likely shake the foundations the electron theory matter. 
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THE NUMBER ELECTRONS ATOM. 


The behavior very rapidly moving electrons their passage 
through matter very interesting subject investigation. Thanks 


the discovery the radio-active substances are able experi- 
ment, wish, with electrons whose speed almost equal that 
light centimeters per second). These rapidly moving 
electrons are able shoot right through the atoms bodies, but 
when their flight they pass very close one the constituent 
electrons their paths are deviated. When group them passes 
through considerable thickness matter these deviations tend 
that group electrons, all which were moving 
parallel one another start with, becomes divergent. Sir 
Thomson showed how the average deviation arising from single 
impact could calculated and also how the average divergence 
the beam, which was caused its passage through given amount 
matter, would depend the number electrons present the 
matter traversed. 

Experiments made Barkla showed that when matter, which 
was made elements low atomic weight, was traversed 
Reentgen rays was caused emit so-called secondary 
rays, which were precisely similar character the primary 
Reentgen rays which excited them. careful study these second- 
ary rays showed that they were primary rays which had been scat- 
tered. The phenomenon fact very analogous that which 
gives rise the blue color the sky, which was shown Lord 
Rayleigh arise from light scattered innumerable small particles 
present the atmosphere. The amount such scattering depends 
the number particles which are engaged doing it. the 
case the Reentgen rays these particles are the electrons present 
the matter, each one which set into violent motion the 
Roentgen ray pulse. The exact way which the amount the 
scattering should depend the number electrons engaged the 
operation was figured out Thomson who showed from Barkla’s 
experimental results that the number electrons reckoned per atom 
the material was comparable with the atomic weight. 

have seen already that information like nature may 
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obtained from the spreading out beam rapidly moving 
electrons when they traverse layer matter. Working over such 
material was then available Thomson found his conclusion, that 
the number per atom was comparable with the atomic weight, was 
strengthened. Quite recently Crowther has made very care- 
ful experimental investigation covering both these lines inquiry. 
finds that Thomson’s calculations are borne out very satisfac- 
torily his experiments and that the number electrons which 
make each atom three times the atomic weight the 
element. 


PRINCETON UNIVERSITY, 
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THE CONSTITUTION THE ATOM. 


(Read April 22, 1911.) 


According Sir Thomson’s atoms may regarded 
rigid spheres positive electricity containing negative electrons 
which can move about freely through the positive charge. The 
total negative charge the electrons atom equal the 
positive charge the sphere. This theory has many advantages 
over the theory Sir Larmor, who regards atoms systems 
positive and negative electrons rapid motion. the first place 
the sphere positive electricity provides rigid and stable founda- 
tion which lacking the other theory and which seems very neces- 
sary explain the extraordinary stability atoms. difficult 
see how Sir Larmor’s atoms could possibly survive the shocks 
continual violent collisions with other atoms. 

Sir Thomson’s theory has also the great advantage that 
explains the fact that only negative electrons can isolated and that 
positive electricity always associated with atoms molecules 
matter. 

also explains the fact deduced from the Zeemann effect that 
spectral lines are emitted vibrating negative electrons and not 
positive electrons. consistent with the fact that atoms can 
lose few negative electrons without their identity being destroyed 
which does not seem possible Sir Larmor’s view. The kinetic 
theory gases agrees best with the facts when the atoms are re- 


garded rigid spheres which again strongly favour Sir 


Thomson’s theory. 

This theory therefore may used working hypothesis which 
enables mental picture the atom formed. leaves the 
nature electricity and the open question and conse- 

The Corpuscular Theory Matter,” 1907. 
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quently much less fundamental than, for example, Lord Kelvin’s 
vortex ring theory. The negative electrons and the positive sphere 
may may not turn out modes motion the 
present cannot say. 


One the first questions which naturally arises connection 


with this theory is, how many negative electrons are there each 
atom? This question has been answered approximately examin- 
ing the effect matter light and rays. When electric 
waves pass over electrons the electrons are acted the electric 
forces the waves and emit radiation. This means that the 
electrons scatter the incident radiation. The amount radiation 
scattered one electron can calculated the electromagnetic 
theory and hence from the amount observed scattered 
known: matter the number electrons the matter can 
estimated, the number atoms given amount matter 
can exactly calculated because know the charge carried 
one electrolysis and the total charge carried the matter. 
Hence can get estimate the number electrons per atom. 
The total energy scattered mass containing electrons 


where the charge one electron, its mass and 
the incident energy. This formula due Sir Thomson. 

The most recent determination the energy scattered when 
rays pass through matter that finds 
that the number electrons per atom aluminium 85, which 
about three times the atomic weight. Previous experiments 
similar character have given nearly the same result for other 
elements. seems very probable therefore that all atoms contain 
number electrons proportional their atomic weights and not 
very much greater. 

The mass negative electron only one seventeen-hundredth 
part that atom hydrogen, that the negative electrons 
only account for about one six-hundredth the mass any atom. 
The rest the mass therefore must the mass the positive 
sphere. According this theory therefore the mass matter not 
electromagnetic its origin, for the electromagnetic mass the 


Proc. Roy. Soc., Vol. 29, 1911. 
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positive sphere negligible. This theory therefore does not support 
the view which the basis the principle relativity,” that all 
phenomena are electromagnetic character. The mass and rigidity 
the positive spheres are assumed exist and cannot explained 
electromagnetic forces. There reason why the motion 
these spheres through the should not produce effects capable 
being detected and which would enable determine the veloc- 
ity the earth relatively the ether. The fact that this has not 
yet been done does not prove that impossible. 

According Sir Thomson’s theory the properties dif- 
ferent atoms are due the number and arrangement the electrons 
the positive sphere. The problem the distribution 
electrons positive sphere has not been solved and very 
complicated, Sir Thomson investigated the much simpler 
problem the distribution electrons plane when they are 
all acted forces attraction proportional their distances 
from fixed point the plane. 

This problem can also solved experimentally means 
Professor Mayer’s floating magnets. The electrons arrange them- 
selves concentric rings. Thus six give ring five and one 
the middle. Seventeen give ring eleven, ring five and one 
the middle. Thirty-two give rings fifteen, eleven, five and one 
the middle. Forty-nine give rings seventeen, fifteen, eleven, 
five and one the middle. 

With two the middle get series rings containing 
12, 16, and electrons respectively and similar series with 
three the middle and on. 

This leads very interesting suggestion with regard the 
series elements which have similar properties for example: 

Helium, neon, argon, krypton, xenon hydrogen, lithium, sodium. 
potassium, rubidium, fluorine, chlorine, bromine, iodine. 

Sir Thomson suggests that each element such series 
may derived from the one before the addition another 
ring electrons the arrangement the inner rings remaining un- 
changed. This explains the similarity the properties the 
elements such series. 

this view atom bromine atom chlorine with the 
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addition one more ring electrons together with the additional 
amount positive electricity required keep the atom neutral. 
Sir Thomson has shown that many the facts connected with 
periodic law can this theory. 

the atoms course the electrons are not really confined 
one plane but are distributed throughout the volume the positive 
sphere, that instead concentric rings electrons there are 
concentric spherical layers. atom bromine therefore de- 
rived from atom chlorine the addition one more layer, 
the inner layers remaining unchanged. 

Although the solution the problem the distribution 
electrons inside positive sphere too complicated worked 
out find that approximate solution can obtained without 
much difficulty, which enables the results the theory com- 
pared with the atomic weights the elements. 

Consider electron having negative charge inside sphere 
positive electricity uniform density charge Close 
the electron the electric field strength where the 
distance from the electron, that tubes electric force come 
out the electron, the number tubes per sq. cm. taken 
equal the field strength. Consider one these tubes force 
and let element its length and its cross section ds. 
The charge the length pads, that 


where the electric force along ds. Hence 


which gives 


where denotes the value the surface the electron. 
This shows that along the tube diminishes and when 
will zero and the tube will end. Now 
e/a*, where the radius the electron and that 
hence from the surface the electron the 
end the tube equal unity. Thus the positive charge each 
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tube that its volume The total volume all 
the tubes therefore e/p. Thus the tubes force starting 


from the electron occupy volume and this true any case 


whether other electrons are near not. Also since every tube 
force must end positive electricity clear that the volume 
can only contain the one electron from which the tubes start. Thus 
when any number electrons are present each one will sur- 
rounded its own field which will occupy the volume e/p. The 
positive charge the volume equal that the sphere 
has positive charge equal the total negative charge the elec- 
trons it, will divided into equal volumes, each contain- 
ing one electron. 

and the tube slightly distorted this element will still 
have the same volume and also (Fa) will remain unchanged that 
the change the energy the element will due the change 
The energy will minimum when the tube equilibrium 
possible. This means that the tubes tend become short pos- 
sible, their volumes remaining constant. The effect this will 
evidently make the field round each electron tend become 
nearly spherical possible with the electron the middle. 

Consequently determine approximately the distribution 
the electrons the positive sphere sufficient find how the 
sphere can divided into equal volumes, all nearly spher- 
ical possible and put electron the center each the 
volumes. 

When large easy see that this requires the electrons 
arranged like the centers the shot pile shot. Thus 
with thirteen electrons should have one the middle and twelve 
arranged around it, all the same distance from it. 

Suppose the volume the field one electron and let 
etc., denote the number electrons the atoms 
series similar elements. Each element formed the addition 
spherical layer the one before and clear that all the 
layers must nearly the same thickness the fields all the 
electrons are nearly spherical. Consequently etc., 
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denote the radii the atoms the series should expect have 


Let A,, denote the atomic weights and suppose 


— Mm = BVA 


where constant which should the same for all series 
similar elements. 
Also approximately, that 


According the theory therefore ought able find the 
number electrons per atom from the atomic weights. 

the figure the values for series similar elements are 
plotted against the order the elements the series. For some 
series constant has been added the values prevent the 
different lines falling too close together. will seen that 
the values for each series fall nearly straight lines 
and that the different lines are nearly parallel. This shows that 
theory. The mean value 0.81. Hence get that 
the number electrons per atom comes out times the atomic 
weight all cases. 

This estimate agrees well could expected with the num- 
bers deduced from the optical properties the elements which 
might expected too low. 

have assumed that the electrical density the positive 
spheres uniform that the approximate agreement the atomic 
weights with the theory confirms this assumption. easy 
see that the arrangement the electrons the positive sphere 
not affected change the size the sphere provided its density 
remains uniform and its total charge the same before. 
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this were the calculation given above would not affected 
The equation gives 


This equation enables the atomic weights series similar 
elements approximately calculated that the first the 
series known. For example, take obtain the 


following numbers: 


Rb=85 


take obtain the following numbers: 


will seen that the numbers given the approximate 
formula deduced from Sir Thomson’s theory agree approxi- 
mately with the atomic weights. think this must regarded 
strong evidence that there considerable element truth 


the theory. 
believe that this the first time that definite theory 
atomic structure has been worked out sufficiently enable com- 


parison between theoretical results and the known atomic weights 


made. 


MONTREAL. 


3 
L 
j 
q 
7 
fe 
° 
4 


THE HIGH VOLTAGE CORONA AIR. 


WHITEHEAD. 
(Read April 21, 1911.) 


The term “corona” employed electrical engineers refers 
the luminous envelope which surrounds bare electrical conductor 
when its potential raised above certain value. the voltage 
long-distance transmission lines has been raised higher and higher 
values order reduce the size and cost the conductors and 
increase the distance economical transmission, limiting condition 
has been found the insulating properties the atmosphere. For 
each definite space separation and size conductors, above certain 
value voltage the regions immediately surrounding the conductors 
become luminous, and power loss sets which increases rapidly 
with further increase voltage. 

These facts were first noted electrical engineers this country 
1896. was promptly recognized that the region the imme- 
diate neighborhood the conductors subject the greatest electric 
intensity and that the phenomena are due local though restricted 
break-down the air. This was corroborated not only the pres- 
ence the luminous envelope immediately around the conductors, 
for voltages above that which the loss begins, but study the 
effect changing the size and separation conductors decreasing 
separation and size both increase the surface electric intensity and 
therefore lower the voltage which loss begins. The electric inten- 
sity the surface the conductor may readily calculated most 
cases that occur from the voltage and from the separation and sizes 
the conductors. directly proportional the voltage all 


‘ 


cases. The term 


describe the luminous envelope and has been generally adopted 


engineers. 
Many measurements have been made electric power transmis- 
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sion lines efforts determine the law connecting the voltage 
which loss begins with the physical constants the line. These 
measurements have shown marked inconsistencies among themselves, 
the results the same lines different days being often variance. 
number laboratory investigations, which the widely varying 
conditions transmission line are under control, have naturally 
followed. They have indicated with rather wide variation nu- 
merical values that the critical voltage voltage which corona 
begins round wires varies inversely the temperature and directly 
the pressure; also that the electric intensity under which the air 
near the surface the conductor breaks down has not constant 
value but increases markedly for conductors small and 
further that the value the intensity which break-down begins 
that corresponding the maximum value the alternating wave, 
and independent the material the conductor. 

The general nature the influence temperature and pressure 
could probably have been predicted from numerous investigations 
the discharge electricity through the quantitative relations 
for pressures near that the atmosphere not, however, appear 
have attracted the physicist, nor indeed have they yet been 
satisfactorily determined for the voltage corona formation 
experimental engineers. The accumulated results physical inves- 
tigation and theory, however, offer obvious explanation the 
rise the critical surface intensity for smaller wires, nor the 
influences the form and frequency alternating voltage. The 
fact that the corona voltage that corresponding the maximum 
value the alternating wave has been proven stroboscopic 
methods and the use distorted wave shapes. indicates that 
the time element involved the process break-down the air 
short compared with the periods the common alternating cur- 
rent circuits. apparent sharpness the connection removes 


many objections the use the alternating electromotive force 
means investigation, and renders available its many advantages. 
only necessary know the shape the alternating wave and 
this may obtained readily several well known 
tive values read direct reading instruments may thus used 
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and the corrective factor for the maximum value obtained from 
the shape the wave. 

Many the inconsistencies among the measurements existing 
transmission lines and those made laboratories arise the difficul- 
ties measuring the power high voltage circuits the instruments 
must placed the low voltage side transforming apparatus, the 
losses which, being generally greater than those measured, 
introduct troublesome source error. The appearance the 
visible corona has been used laboratory workers indication 


the beginning loss through the air. With proper precautions 
this method may very reliable but its use generally attended 
danger subjective and other error. result the discrepan- 
cies among these approximate determinations various investiga- 
tors, there has appeared much speculative suggestion the presence 
other unrecognized influences, for example the moisture con- 
tent the air, the presence free” natural ionization, ab- 
normal property air when near small wire, etc. 

The present problem therefore resolves itself into two parts: 
first, satisfactory method for the determination the law under 
which the air the neighborhood long straight and usually 
cylindrical conductor breaks down under electric and second, 
the law governing the amount loss when the voltage carried 
above the critical value. year ago the writer’ described method 
which possible determine the voltage which the air 
breaks down near round wire maximum inaccuracy few 


tenths one per cent. The original paper may consulted for 
the details, but the principle simple and may described briefly. 
The wire stretched along the axis metal cylinder and the 
voltage applied between them. Air may passed through the 
cylinder means two lateral tubes near the ends, the walls 
the cylinder these points being drilled with number small 
holes. Close one set these holes and outside the cylinder wire 
mesh electrode connected sensitive electroscope placed. 
soon the air around the wire breaks down under increasing volt- 
age, copious ionization sets which causes rapid leak from the 


Whitehead, Proc. 1059, July, 1910. 
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charged electroscope. The initial discharge the electroscope 
very sharply marked. Observations may repeated will and 
after any interval; when corrected for temperature and pressure 
most satisfactory constancy results obtained. Fig. indicates 
the essential parts the apparatus. the following short de- 
scription given the results investigations the influence 
the diameter the conductor, stranding the conductor, the 
alternating frequency, wave form, pressure, moisture con- 


Fic. Arrangement apparatus. 


tent and temperature the electric intensity which atmos- 
pheric air breaks down. The experiments temperature, moisture 
content and diameter conductor are given the paper mentioned 
above. The results the remaining investigations are first given 
here. attempt made describe the details the experiments. 
For these the reader may refer the earlier paper and also one 
shortly presented the American Institute Electrical Engi- 
neers which the practical bearing the results will discussed. 

Influence Diameter Conductor.—For convenience refer- 
ence condensed table the results this portion the work 
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given Table and the results are plotted graphically Fig. 
For comparison, points observed other investigators are also 


TABLE 


shown. The values are all corrected for temperature, pressure and 
wave form and give the maximum values the electric intensity 
which the air breaks down under pressure 760 mm. 


DIAMETER AND CRITICAL SURFACE INTENSITY. 


Diameter, Material Diameter Material Critical Primar Rati Maximum 
cm. Wire. Tube, cm, Volts Surface 
Intensity. 
0.089 Copper Brass 74.5 125.09 77,100 


| | | (8) 


68.9 


| 
58,080 


mercury, and temperature 21° indebted Professor 
Alexander Russell for pointing out that these results obey very 
simple law. the critical electric intensity kilovolts per 
centimeter and the diameter the conductor centimeters, the 
curve Fig. obeys closely the equation: 


13.4 


(1) 


The observed values Table are compared with the values cal- 
culated from the above formula Table The percentage error 
also given, and seen that with one exception the difference 
well within one per cent. The exception refers aluminum 
wire which could not polished clean surface; rough sur- 
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Diameter, cm, 


TABLE 


Kilovolts per Centimeter. 
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Calculated. Observed. 
76,950 77,100 
70,400 70,875 
65,950 65,880 
61,600 61,680 
58,600 58,750 
.276 57,500 58,000 
55,000 
.340 54,980 55,100 
54,780 54,500 
53,230 53,050 


face invariably lowers the critical intensity. 


point falls below the curve Fig. 


The closeness with which this simple law followed the 
measurements suggest considerable value the method for 


SURFACE PER CENTIMETER 


Fic. 


DIAMETER MILLIMETERS 


Relation critical intensity and diameter. 


Difference, Per 


.67 


The corresponding 
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physical investigation the nature the process involved the 
electrical break down the air. The formula indicates that the 
value electric intensity uniform field near the surface 
plane conductor, which air would break down kilovolts 
per centimeter. The work von Townsend and others 
indicates that about kilovolts per centimeter, secondary ioniza- 
tion ionization collision sets between parallel plates sub- 
jected difference potential. later paragraph several 
other experiments are described which indicate that the start the 


corona air due secondary ionization. far the writer 
aware however theory has been advanced explain the 
influence the curvature the conductor. That the nature the 
molecular structure the air concerned there can doubt, 
but the variation values critical intensity occurs within range 
diameter many orders magnitude greater than molecular 
dimensions, and related the diameter way which offers 


suggestion explanation. 

Effect Stranding the quite obvious that 
the surface intensity the determining factor the voltage 
which corona occurs, then stranded conductor should have 
critical voltage lower than that solid conductor diameter 
equal that circle tangent the strands. the other hand 
not obvious that the critical voltage stranded conductor 
would less than that solid conductor equivalent cross 
section, for the diameter the latter will always less than 
that the enclosing circle the former. Evidently also the rela- 
tions will vary with the number strands. The question 
importance since all the larger transmission lines consist 


cables stranded conductors. 

series observations was made number cables 
stranding ranging from three nine conductors uniformly filling 
the outer layer. The interior space was filled with single wire 
several wires suitable size, but each conductor the wires the 
outer layer were all the same size, .162 cm. diameter. The cables 
were clean and smooth and drawn tight along the central axis the 
outer cylinder the apparatus. The results are condensed Table 
III, which comparison made between the diameter solid 
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Strands, (4) (cla) Spiral Pitch, 


.49 .430 12.3 


O CN OMS 


circular conductor having the same critical voltage that observed 
for the cable (column and the diameters the circle just enclos- 
ing the cable and that given its equivalent section (b). The 
ratios b/c and c/a are given the last two columns, and are plotted 
their relation the number strands Figs. and respec- 
tively. Fig. indicates that instead solid conductor 
stranded conductor equivalent cross section used the critical 


Fic. 


voltage will lowered, but less than three per cent. the num- 
ber strands greater than For three-strand cable the lower- 
ing ten per cent. 

The ratio c/a more important however. This ratio compares 
the diameter solid conductor having the same critical voltage 
the cable, with the actual overall diameter the cable. there- 
fore refers the behavior given cable, with regards critical 
voltage, solid round wire whose diameter expressed 
fraction the overall diameter the cable. This more logical 
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basis comparison than the other since the interior multi- 
strand cable may made such manner cause con- 
siderable variation its cross section. fact many transmission 
cables have centers hemp, other material, the entire conducting 
section residing the single outer layer strands. Thus Fig. 
shows that three-strand cable has critical voltage which that 
single wire seven tenths the overall diameter the cable. 
nine strands the equivalent single diameter still less than 
that the cable. 

stranded conductor the strands are always spiralled. The 
pitch the spiral for the cables described above given Table 
The spiral arrangement the strands tends lessen the 
value the electric intensity the outer surfaces the strands 
since the equipotential surfaces are rendered more nearly cylindrical 
about the axis The values maximum surface electric 
intensity for cables various numbers strands and which 
there spiral may computed from expression given 
Jona? and due Levi-Civita. This expression involves hyper- 
geometrical series whose evaluation requires some labor. 
makes allowance for the spiralling the strands deduction 
may drawn from the present observations the actual inten- 
sity which corona occurs the stranded conductor. Values 
deduced from the expression should, however, great value 
the study the nature the breakdown the air when taken 
conjunction with measurements cables without spirals. For 
these cases the maximum electric intensity the outer edge 
strand would obtain over narrow circumferential distance, while 
the same intensity reached the surface single wire obtains 


over whole circumference. comparison corona voltages 


the two cases should throw light the distances involved the 
process secondary ionization and kindred phenomena. 

the bottom Table III. there are given the results obser- 
vations three- and four-strand conductor which there was 
spiral. The size the strands was the same that the 
foregoing cables. The strands were carefully straightened, polished, 


Jona, Trans. Elect. Congress, St. Louis, 1904, Vol. 550. 


a 
4 
yal 


1911.] WHITEHEAD—HIGH VOLTAGE CORONA AIR. 383 


and built soldering with fine blow flame that the strands 
were uniformly tangent each other throughout. The results indi- 
cate the further lowering the critical voltage when spiralling 
absent. The ratio c/a falls from .71 for the spiralled three-strand 
.61, and the difference for the four-strand somewhat greater. 
The pitch the spirals the cables investigated does not appear 
follow any regular rule. This irregularity however does not 
appear have any corresponding effect the points the curve 


STRANDS, 


Fic. 


Fig. From this may concluded that for pitch spiral 
less than twelve diameters there gain the ground lessened 
surface intensity due the more uniform distribution the elec- 
tric field. 

this writing the author has been unable obtain solutions 
Levi-Civita’s expression applied three and four strands. These 
would permit the foregoing results knowledge how the 
maximum corona intensity for round wire compares with that 
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the surface the same wire when made into three- 
four-strand cable without spiral. 

Influence Frequency and Wave Form.—By the use 
cathode ray oscillograph the high voltage circuit Ryan 1904 
showed that the appearance corona was accompanied hump 
peak the charging current wave the neighborhood the 
maximum voltage. The writer stroboscopic methods has 
shown that the corona periodic, appearing every half cycle and 
that its first appearance with rising voltage coincides accurately with 
the maximum the voltage wave. Also the duration the corona, 
with steady circuit conditions, may reduced with lessening voltage 
very small fraction the period the alternating electromotive 
force. Thus corona which was found exist for only one 
twentieth period the crest the voltage wave 
circuit was plainly visible darkened evident, there- 
fore, that the interval time involved corona formation and 
cessation extremely short. For these reasons has been supposed 
that the appearance corona depends only the maximum value 
voltage occurring the cycle, and therefore independent 
the frequency. Experience with existing lines indicates that there 
influence frequency small for the range between 
and cycles. The closeness with which the critical voltage may 
read the method described gave promise discovering any 
comparatively small differences due variation frequency. Sev- 
eral series tests were therefore made with different sizes wire. 
The observations are not recorded here the points the curve 
Fig. are sufficient indication their accuracy. The range 
from cycles was obtained from two generators, and the 
voltage from 10-KW. 25-cycle 100,000-volt transformer. The 
transformer had also low voltage secondary coil. the curves 
the values voltage are those measured the terminals this 
coil; these values are therefore proportional the voltage the 
high tension winding and therefore the electric intensity the 
surface the wire. These observations were made with rods .716 
cm. and .635 cm. diameter placed the center pipe 120 cm. 
long and cm. diameter. The observations were taken 
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continuous set, interruption being necessary for only few seconds 
change generators. There were consequently appreciable 
variations temperature pressure. 

The results taken are plotted the lower curves Fig. 
which observations for ascending and descending values fre- 
quency are plotted crosses and circles respectively. The irregular 
shape these curves repeated itself accurately experiments over 
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Fic. 


the same range frequency with other wires. Since the trans- 
former was operating over wide range frequency approxi- 
mately the same value voltage, and its magnetizing current was 
therefore variable, variation wave form due the armature 
reaction the generator appeared probable. Oscillograms were 
therefore taken the voltage the terminals the low voltage 
secondary coil frequencies 20, 35, 55, 60, and cycles, and 
transformer excitation corresponding volts the same coil. 
The ratios maximum effective values these waves were 
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then determined micrometer measurements ordinates taken 
every 7.5 degrees over two half waves. The several values this 
ratio obtained revealed minimum cycles thus explaining 
the rise the lower curves Fig. that frequency. the 
upper curves the points indicated are the voltage the lower curve 
multiplied the ratio maximum effective value calculated 
from measurements the oscillograms for the corresponding 
frequencies. 

The upper corrected curves Fig. show lowering the 
critical voltage with increasing frequency. The result leaves some- 
thing desired the accuracy location the points upon the 
curve. should noted however that owing the magnifi- 
cation the scale, the error the points off the upper curves and 
the 25-cycle portion the lower curves only about per cent. 
Several other sets observations for different sizes wire reveal 
curves the same general characteristics. The measurement the 
ratio maximum effective value from oscillogram subject 
considerable error. The maximum cycles, however, 
the lower curves brought below the values for lower frequencies 
when the correcting factor introduced, and particularly, the lower- 
ing cycles far too great questioned the score 
possible error this nature. The curves therefore show with 
fair accuracy the nature the variation the critical voltage with 
the frequency. This variation within the range the present com- 
mercial frequencies cycles per second, only about 
per cent. 

Influnce influence pressure the various 
forms spark discharge has been closely studied. law 
states that the sparking potential for given spark length directly 
proportional the pressure; his investigations covered the range 
pressure between and cm. mercury. has shown 
that this linear relation extends down pressures few milli- 
meters the spark lengths are not greater than cm. but does not 
obtain for lower pressures. has shown that the potential 


*Carr, Proc. Roy. Soc., LXXI., 374, 1903. 
*Townsend, Phil. Mag., 198, 
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gradient which secondary ionization sets when electricity 
passing through gas directly proportional the pressure. Wat- 
son® investigated the spark length between spheres fifteen 
atmospheres and found that the spark potential increases with the 
pressure approximately linear relation. From the general 
similarity between the corona and the brush form spark dis- 
charge, therefore, linear relation between pressure and critical 
surface intensity, the potential gradient which corona begins 
expected. Apparently the only study the influence 
pressure the formation the alternating corona single set 
observations Ryan’ wire .32 cm. diameter placed the 
center cylinder 22.2 cm. diameter. observed the alter- 
nating voltage which the visible corona appeared for the range 
pressure between and cm. mercury; the alternating 
frequency was 130. The resulting linear relation given between 
the kilovolts actually applied and the pressure inches mer- 

Table are given the results typical series observa- 
tions the influence pressure corona voltage; the values are 
those for wire .152 cm. diameter. The wires were clean and 
straight and centered accurately the axis the outer cylinder 
the apparatus which has been briefly described. This cylinder 
has diameter 9.52 cm. The ends were closed with ebonite 
caps the same diameter and cm. deep. The side tubes were 
also closed caps, and the leading-in wire the discharge electrode 
passed through column sulphur supported hard rubber; 
troubles with either insulation air leak were encountered with this 
arrangement. All joints were sealed with mixture bees wax 
and resin and pressures between and 100 cm. mercury were 
reached without trouble. The discharge electrode was placed inside 
the upper side tube and within one two millimeters the grating 
formed the holes drilled the outer cylinder the earlier work 
was found that flow air from the cylinder over the electrode 
contributed little the sharpness with which the condition 


Watson, Electrician, 62, 851, 1909. 
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breakdown was indicated, the initial discharge the electroscope 
occurring the same value for both moving and stationary air. 
The results Table IV. are plotted the lower line Fig. 


TABLE IV. 


Manometer, 


Crit, Prin. Volts. Ratio, 125. Pressure, 
Right. Diff. 
102.2 102.2 102.2 487.5 587.5 659.5 
97-5 97-5 459-5 605.5 146 613.5 
91.3 91.3 427 628.5 201.5 558 
87.2 87.5 87.8 407.5 642 525 
83.2 83.4 386.5 656 269.5 490 
80.5 80.7 80.6 371 666.5 295.5 464 
68.1 68.1 68.1 313.5 707 393-5 366 
94.2 94.2 94.2 439 617 178 581.5 
106.5 106 106.2 499 576.5 682 
545-5 759-5 
57-5 545-5 759-5 
61.8 61.6 61.7 592 835 
63.8 618.5 499.5 119 878.5 
641 486 155 914.5 
71.6 71.6 71.7 710 444 266 1025.5 
between the values voltage the primary terminals the trans- 
former and the pressure millimeters mercury. This voltage 
directly proportional the corresponding value potential 
gradient the surface the wire. The ratios transformation 
were 125 and 250, the frequency 60, and the ratio the 
maximum the effective value the alternating wave electro- 


motive force, measured from oscillogram already described, 

was 1.46. The temperature was 24° The results .276-cm. 

wire are also plotted Fig. The equations the lines drawn 

Fig. have significance since they apply particular com- 

bination wire and outer cylinder. The values surface potential 
gradient have therefore been calculated from the expression: 

(2) 
log 
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which the maximum value the potential difference between 
wire radius and outer cylinder radius and which this 
case the effective voltage multiplied 1.46. Expressed terms 
electric intensity which corona begins, kilovolts per centi- 


N 


Pressure 
Fic. 


meter, and pressure centimeters mercury, the equation for the 
cm. wire is: 


d(KV 


and for the .276 wire: 


d(KV 


x 
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While both equations are linear seen that the slope that 
for the smaller wire the steeper, that that the variation the 
critical surface intensity with the pressure greater the smaller the 
wire. interesting note that the values cm. pressure 
66.2 and correspond extremely closely with the values 66.4 and 
57-7 observed year before and calculated from the equation 
Fig. 

Ryan’s results for .317-cm. wire expressed the same 
terms used the above formulae, the resulting equation the 
line is: 

(5) 


The slope this line greater than that either the .152-cm. 
the .276-cm. wire expressed equations (3) and (4), although 
the larger size wire should cause the slope less; also the 
initial constant term considerably less; further the value 
critical surface intensity cm. pressure indicated formula 
(5) 62.6, while that calculated from formula (1) and therefore 
frequently observed the writer 55.7. Ryan used invariably 
the visible corona for indication initial breakdown; some his 
results wires different size are plotted circles Fig. 
where they are seen very irregularly located. Aside from the 
uncertainty the method observation, the wave form and fre- 
quency may have introduced considerable error the results 
reported, although that due frequency would have tended 
lower rather than higher value than for cycles. 

Further experiments the variation the pressure equation 
with the size wire are progress. 

Influence Temperature and Moisture.—No satisfactory inves- 
tigation has been made the influence temperature corona 
voltage. Ryan reports series observations the visible corona 
for temperatures between 70° and 200° Fahrenheit. The size 
wire not stated. The results are admittedly wanting accuracy, 
but indicate linear relation between corona voltage and tempera- 
ture; fact, Ryan states that the maximum value corona voltage 
varies inversely the absolute temperature. 
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The writer has conducted short series tests between and 
41° .27-cm. wire for the purpose obtaining correction 
factor for his various observations taken different tempera- 
tures. The result stated the paper already referred that 
the relation linear and that for each degree rise fall from 21° 
there lowering raising the value the critical voltage 
0.22 per cent.; Ryan’s results indicate 0.27 per cent. for this 
value. Expressed terms surface intensity kilovolts per centi- 
meter and temperature degrees Centigrade the writer’s results 
may expressed the formula: 


view the observations the effect variation pressure 
different sizes wire, not improbable that the constants 
equation (6) will also vary with the size wire. Further investi- 
gation this direction therefore desirable. 

Moisture content amounts quite close saturation have 
effect the values voltage which corona begins. 
there still some dissent from this opinion among electrical engi- 
neers, the author’s results this question, described the earlier 
paper, appear very conclusive, and have been widely accepted. 
influence moisture the amount power loss above the critical 
voltage appears quite probable, the light the ionization theory 
which the mass the ionic carriers, which make the current 
are important factor its value. 


DISCUSSION. 


far the question the value voltage which corona 
will start given transmission line concerned, probable 
that solution will reached sooner later means experi- 
ments the general character those described above, supple- 
mented observations existing lines. Also, there good reason 
suppose that comparatively simple law will found. For the 
surface intensity for any arrangement and size cylindrical con- 
ductors, corresponding given voltage, may expressed terms 
these constants; and the critical corona intensity, under stand- 
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ard conditions temperature and pressure, simple function 
the diameter the conductor. The relation between pressure 
within the range the atmosphere, and critical voltage, for given 
size wire, linear; and although the slope the linear relation 
changes with the size wire there good reason suppose that 
simple law connecting them can found. Much the same may 
said the influence temperature; preliminary experiments show- 
ing that the linear relation exists over fairly wide range. The 
effect stranding the conductor has been studied for only one size 
strand yet, but seems simple matter, with some further 
investigation, express the effect each these influences 
terms the diameter the conductor. 

The influence the frequency does not offer promise expres- 
sion simple relation; this influence small however within the 
limits frequency met practice. The state the atmosphere 
appears small importance, for moisture does not influence 
the critical voltage, nor does its state regards ionization, 
indicated several considerations given later paragraph. Dirt 
and impurities which settling cause irregularities the surface 
the wire, may lead localized brush discharges; and these 
are sufficient number they may cause noticeable loss below the 
normal critical voltage. 

great interest, however, consider the results their 
relation present theories the nature the electric conductivity 
and breakdown gas. assumed that the reader familiar 
with the general features the theory ionization. Under this 
theory the neutral atoms and molecules matter may separated 
into smaller charged particles, and the motion these particles under 
electric force constitutes electric current. gas there are 
always small number these free ions present; this number may 
greatly augmented rays, ultra-violet light and other 
well known ionizing agents. When ionized currents magni- 
tudes within easy measuring range are obtained between terminals 
subject difference potential. this difference potential 
increased, point reached where the current increases sharply, 
showing the presence some new saurce ionization. The theory 
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states that these new ions are formed the impact those already 
existing, and moving with higher velocity the increased electric 


field, with the neutral molecules the gas. This phenomenon has 
been called ionization collision secondary ionization. 

The results the experiments which have been described above 
are for the most part consistent with the ionization theory. The 
various circumstances surrounding the appearance corona all indi- 
cate that instance secondary ionization. Formula (1) 
indicates that near conductor large radius near plane, the 
corona intensity approaches value kilovolts per centimeter; 
secondary ionization between plane electrodes closed vessels 
atmospheric pressure has been noticed several physicists begin 
the neighborhood 30,000 volts per centimeter. The mass 
elementary negative ion electron approximately 5.9 gms. 
and the charge carries 4.6 electrostatic units. 
electric field the mechanical the electron the 
product its charge and the strength field. Hence the laws 
simple mechanics possible calculate the acceleration, the 
velocity and the kinetic energy attained electron moving 
given distance under given electric intensity. the mean free 
path the electron, about cm. atmospheric pressure, 
the distance between collisions, thus easy calculate the kinetic 
energy the electron due the electric field, when collides with 
the mean free path, the electric intensity electrostatic units, 
and the charge the electron. now the voltage between plane 
parallel electrodes raised until secondary ionization begins, the 
value the voltage makes possible calculate the energy re- 
quired ionize molecule gas. fact the values the 
energy required ionize molecule which are now generally ac- 
cepted are largely based determinations the value electric 
intensity which secondary ionization begins. has been pointed 
out above that the values this intensity determined Town- 
send and others are close agreement with the value 32,000 volts 
per centimeter indicated equation (1) the lowest value which 
corona appears. one skeptical the correctness the theory 
ionization therefore (and there are many such) all that may 
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said far that the phenomena sudden increase current above 
certain value electric intensity observed Townsend, and 
that corona formation, are probably due the same causes. But 
there are several other independent methods determining the 
energy required ionize gas. The values are commonly ex- 
pressed terms the potential difference volts through which 
the electron must pass order acquire energy sufficient pro- 
duce ion collision. The value pertaining the method de- 
scribed above from volts. Rutherford, from the relation 
between the heating effect radium and the number ions pro- 
duces, gives the value volts. Stark and Langevin independent 
methods conclude that the values are and volts respectively. 
While the extreme values differ the factor must re- 
membered that the actual amount energy required produce 
ion about ergs, that all these values indicate the 
same order magnitude; therefore when taken together they con- 
stitute very strong reason for supposing the value ergs 
close the correct one. this true good evidence that the 
formation the corona actually due the liberation ions from 
the neutral molecules the gas, when the latter suffer collision from 
free electron moving under the force the electric field. That 
the electron and not gaseous ion aggregate the active agent 
shown the shorter free paths these latter which the 
relation already given results lower value kinetic energy 
the time collision than those given above. 

The writer has shown stroboscopic methods that above the 
critical voltage the corona begins and ends point the alter- 
nating current wave which corresponds very closely every case 
with this critical value. well known that since secondary ioni- 
zation depends only the velocity the ions and thus the 
electric intensity, should within wide limits independent 
the number ions already existing the gas. The corona stops 
sharply the descending side the voltage wave showing that 
the copious ionization present during the existence corona does 
not aid persisting lower voltage than that which 
starts. The presence greater less amount free spon- 
taneous ionization the atmosphere has been advanced some 
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writers explain the discrepancies, among different observers, 
the voltage which the corona starts. The foregoing facts seem 
fairly conclusive that this supposition not correct. order, 
however, further remove doubt this point simple experiment 
was performed which the air surrounding the conductor was 
ionized from independent source. clean polished wire cm. 
diameter was stretched vertically along the axis cylinder 17.5 
cm. diameter and about 120 cm. long, made woven wire with 
mesh. The high voltage was applied between them, the wire 
cylinder being also connected ground. large Rontgen ray tube 
was enclosed light-tight box and placed close the cylinder. 
When this tube was excited crude electroscope placed 
cm. the other side the cylinder was immediately discharged 
showing that the air the neighborhood was strongly ionized. 
the darkened room the starting the visible corona the wire 
could located readily and the corresponding voltage determined 
successive trials within error two three tenths one 
per cent. the use independent observers was established 
without doubt that the presence the ray tube caused 
variation the value voltage which the corona starts. 
The general influence decrease pressure increase 
temperature toward lower critical voltage quite consistent with 
the ionization theory. For under the kinetic theory gases the 
free paths the vibrating molecules and ions are lengthened 
these two conditions. During the free path interval between 
collisions the ions are acted the electric force, and the longer 
the interval the greater the velocity acquired and the more kinetic 
energy and ionizing power. Hence given amount energy 
will acquired lower voltage the free path lengthened. 
The lowering the critical voltage increase frequency 
not explained simply. However within the molecule 
atom there are number electrons motion free move, 
and there some indirect evidence this effect, evident that 
the forced vibrations set external alternating field will, 
with the increasing frequency these vibrations, cause the mutual 
attractions within the structure the atom become less and less 
strong, and therefore more liable broken when collision 
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with extraneous ion. surprising however that this effect 
they are incomparably slower than those suggested theory for 
the vibrations within the atom. The close relation between the 
first appearance corona and the peak maximum the voltage 
wave natural the light theory, for atmospheric pressure 
the mean free path electron about cm. long, and 
under field sufficiently strong ionize this path traversed 

Perhaps the most interesting problem connection with the 
phenomenon corona formation the explanation the greater 
values electric intensity required start corona around smaller 
wires, the upward trend the curve Fig. Why should the 
properties the air change with slight alteration the size 
conductor whose diameter fifty thousand times great the 
mean free path molecule? tenable explanation has been 
offered. The attraction the conductor oppositely charged 
ions which pile were and reduce the actual gradient below 
that calculated, and the same time increase the gas pressure, has 
been suggested. Both suppositions immediately include 
fluence corona voltage the amount ionization already 
present, and this already noticed contrary observation. 
Simple calculation also will show that the charge sufficient mate- 
rially reduce the gradient the surface conductor corona 
potential would require number ions far excess the num- 
bers commonly present the atmosphere. The writer sensi- 
tive optical method could find indication increase pres- 
sure the surface the conductor. appears probable that the 
explanation will found the decreasing surface the smaller 
conductors. Secondary ionization probably begins with the col- 
lisions few electrons which have free paths longer than the 
average. With decreasing area conductor, the number neigh- 
boring electrons whose free paths exceed certain length, and 
the same time are subject the maximum electric intensity, will 
decreased, and consequently the corona forming electric intensity 
must higher. 


Jouns 
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DISRUPTIVE DISCHARGES ELECTRICITY THROUGH 
FLAMES. 


FRANCIS NIPHER. 
(Read April 21, 


paper published the Academy Science St. 
the author pointed out the essential difference character between 
the effects X-rays the ionization air and that produced 
column air exposed the positive terminal influence 
machine. 

The action X-rays dislodge negative corpuscles from 
some the air molecules and load them upon others. Such mass 
air said have the property conduction. Some the mole- 
cules will accept negative corpuscles from those whom they 
have delivered them, from the terminal negatively charged 
electrometer. Other molecules will deliver their overload nega- 
tive corpuscles electrometer terminal from which negative cor- 
puscles have been drained, the molecules which they have robbed. 
left itself such mass air soon loses its property conduc- 
tion. The average corpuscular charge molecule such mass 
air the normal amount. 

mass air which forms the positive column due the 
action influence machine the negative corpuscles have been 
drained, are being drained into the positive exhaust terminal. 
air ordinary pressure found that air thus drained 
negative corpuscles, disruptive discharge diffuses into the drained 
region. The disruptive channel widens and apparently ceases 
have disruptive character within the region thus drained. 
few cases the disruptive channel has re-formed the other side 
such cloud-like mass which had apparently drifted over the 
photographic plate and away from the positive terminal. 


*Trans., Nos. and Vol. XIX., and No. Vol. XX. 
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illustration this action shown Fig. photographic 
plate had the heads two pins resting upon the film. They formed 
the terminals gap discharge line from the negative terminal 
eight-plate influence machine ground. Between this gap 
and the machine was another gap about mm., which was the 
large knob the machine. 

order produce the effect shown the figure, the machine 
was turned very slowly for several minutes. Small discharges 
occurred the small gap. When there was danger spark be- 
tween the pin-heads, the machine was stopped for twenty thirty 
seconds and then continued. This resulted draining the negative 
corpuscles from the air around the grounded pin-head. progres- 
sive elongation these drainage lines was examined series 
plates which this operation was continued for increasing time 
interval, the plates being then developed. 

Fig. after continuing the slow driving the machine for 
about three minutes, its speed was then suddenly increased and 
disruptive discharge passed over the photographic film between the 
pin-heads. 

This plate one many hundreds that have shown this phe- 
nomenon diffused conduction the region around the positive 
end the disruptive channel. This channel began the negative 
pin-head, the midst the negative glow. That region was not 
condition conduction for the negative discharge, and has not 
been any case observed. Fig. one few cases where the 
discharge wandered considerably from the line joining the pin- 
heads. some cases the plate was the positive line. some 
cases the two pin-head terminals were directly connected the 
positive terminals the machine with minute gaps the machine. 
all cases the diffusion area was formed the positive pin-head 
terminal. all cases the appearance shown Fig. was observed. 
The appearance that which might caused volley nega- 
tive corpuscles discharged from the end the disruptive channel, 
and aimed the pin-head forming the positive, this case the 
grounded, terminal. The pin-head shielded that portion the film 
which was behind and line with this discharge from the fog- 
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ging effect observable around it. The air-film which carried the dis- 
charge was close contact with the film, shown the char- 
acter the shadow. The lowest part the rounded pin-head only 
was effective this shielding the film, shown Fig. 

The interior the disruptive channel also drainage con- 
duction channel. highly rarified condition, approaching 
that vacuum tube. The discharge which passes through 
the nature cathode discharge. The air molecules which form 
the stepping stones for this conduction discharge are urged the 
opposite direction from that which the corpuscular discharge 


passing. This incidental the fact that the conductor gaseous 
form. These air molecules have some cases produced effects 
the negative terminal, similar those shown Fig. They are, 
however, less marked character. They are the nature 
“canal rays,” observed vacuum tube. photographic plate 
showing such effects was reproduced former paper.? 
copper wire the transfer from atom atom likewise occurs. There 
the atoms cannot yield, they are nearer together, and the phenomena 
conduction are much more simple. 


Trans. Acad. Sci. St. Vol. X1X., No. plate Fig. 
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attempt was made compare the conduction-properties 
drainage column air like that shown Fig. with those the 
flame blast lamp. Fig. shows camera photograph dis- 
ruptive discharges between red-hot ball iron hung wire 
suspension means which was grounded, and the negative 
terminal the influence machine. The ball was heated blast 
lamp, the air being fed from tank about two atmospheres pres- 
sure. similar flame was placed between the hot ball and the nega- 


Fic. 


tive terminal, that the discharges passed through it. account 
the long exposure, the contrast between the flame and the indi- 
vidual sparks not very distinct. Some the sparks show par- 
tial photographic reversal. The discharge lines are, however, all 
more less clearly visible within the flame. Fig. shows single 
spark, made under the same conditions, although the flame was 
exposed for nearly half minute before passed. Fig. 
shows similar photograph which the exposure the flame was 
not over half second. There are two discharge lines visible, 
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although only one discharge could distinguished the sound. 
The fainter discharge came from the red-hot ball, and crossed the 
track the brighter spark, which came from hook serving for 
suspension the ball grounded wire. The track the fainter 
spark sharply defined within the flame that the brighter 
one. Figs. and the discharge was the positive line. The 
hot ball was grounded. 


evident from these results that the conduction the gases 
within the flame the lamp very much less than shown the 
positive column near the anode terminal Fig. that figure, 
the air within the disruptive channel highly rarefied. This channel 
hole bored through the air. The discharge through this channel 
issued from the end and continued sheet lightning” across the 
drainage area surrounding the grounded anode. This drainage area 
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not the rarefied condition which exists within the disruptive 
spark channel. This part the discharge must practically noise- 
less. The sound produced the spark caused the collapse 
the spark channel manner similar that caused the crack 
produced the end whip-lash, which also cuts hole the 
air. When electrical discharge occurs between clouds between 


region containing excess and one having deficiency elec- 
trical corpuscles, the latter region must condition like that 
surrounding the grounded anode Fig. disruptive channel 
will diffuse into it. This region one which properly called 
region conduction. 

The other end the discharge channel must penetrate regions 
where the air super-charged with corpuscles. not the 
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same sense region conduction. tributary discharge chan- 
nels will form. These discharge channels branch out from the main 
channel and elongate direction opposite that which the 
corpuscular stream flowing. This end the discharge called 
forked lightning. Probably most cases the ends the discharge 
are hidden clouds. 

Fig. reproduction the original plate. Figs, and 
are reproductions photographic reversals the originals. 
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THE DESERT GROUP 


I-XVII.) 


WILLIAM 


(Read April 21, 


The four genera Nolina (Michaux, 1803), Dasylirion (Zucca- 
rini, 1838), Beaucarnea (Lemaire, 1861) and Calibanus (Rose, 1906) 
form natural group that many botanists have considered 
single generic name, Dasylirion, sufficient for all, though they differ 
enough fruit have causeu the founder this genus question 
the propriety including all the species that were known 
even his day; and they show marked differences habit. 

Except that Dasylirion was based part Hechtia, which 
led its author—who later recognized the error—to place among 
the and that his suggestion has been connected 
transiently with the this genus and its immediate rela- 
tives have been accorded place generally among what are now con- 
sidered not always under that family when its 
rather heterogeneous components have suffered temporary segrega- 
tion. better arrangement has been found than that Engler 
and who locate the Nolinee between and Dra- 
part the Draceanoid From the they 
are sharply differentiated, among other characters, their small 
polygamo-dioecious flowers (never mm. diameter), few- 
ovuled pistil, and small usually indehiscent fruit rarely more than 


and the differ from them usually some- 
what gamophyllous perianth, perfect flowers, 
fleshy all these respects the group 
offers good deal latitude. 
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DISTRIBUTION AND ORIGIN. 

Like the the Nolinez are all North American, and they 
are comparably distributed except that none are known from the 
West Indies. They are among the characteristic plants the dry 
temperate backbone the continent. None extend north 
southern Colorado, and species known have very extended 
range. Their focal center evidently the temperate Mexican 
tableland, which the genera are all represented and which the 
majority their species are confined, Beaucarnea alone, its most 
typical form, being characteristic the hot country and ranging 
into Central America. the two genera that reach the United 
States, Nolina only enters into the Californian flora, and that only 
the southern desert. Though unrepresented the intermediate 
region, from which may assumed have disappeared, this 
genus also appears the South Atlantic states, apparently 
offset from the grass-leaved Texan stock, rather than indicating its 
primal home (map). 

The ontogeny the group scarcely more than matter 
speculation. reason apparent for considering very 
ancient. Though evidently related the 
Yuccez, seems rather more likely have had closer evolutionary 
connection with the typically loculicidal More satis- 
factory hypotheses may held concerning the affinities the 
component genera. may taken most closely approach- 
ing the prototype the group because its extensive range, large 
number species composing differentiated groups, and conformity 
the liliaceous plan its 3-celled pistil and cotyledonary arch. 
Calibanus appears offset Nolina. Beaucarnea and 
Dasylirion, with single-celled pistil, may represent parallel off- 
shoots from Nolina no-longer recognized derivative that 
genus and the question may raised whether Beaucarnea more 
than well-marked subgenus Dasylirion which, strictly limited, 
itself consists two quite dissimilar groups. These affinities may 
indicated follows: 
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All are perennial, and, would expected from their 
habitats, they are pronounced xerophytes with rather succulent 
caudex,’ either small and insignificant moderately developed, and 
then either prostrate erect, even tree size and 
rather hard usually rough-edged even prickly covered 
well-cuticularized epidermis, the stomata usually arranged lines 
overlying the parenchyma between strong fibrous bundles and 


either furnished with outer vestibule Agave, etc. 


rion), located between prominent ribs that, especially Nolina, 
are often covered with more less interlocking They 
occur most strikingly such desert count Agave, 
Yucca and Hechtia among their characteristic components 4). 
many species the tip the leaf shreds into sometimes brush- 
like bunch fibers, and one (Nolina Bigelovii) the margin 
breaks away sparingly—in kind, rather than quantity, recalling the 
fibrous exfoliation characteristic many yuccas and one large 
group spicate agaves. From study the leaf-tip Dasylirion 
acrotriche, Zuccarini** was led believe that what passes for the 
leaf really petiole with ventral ligule, the blade, considered 
peltate, being represented the more dorsal shreds only. The 
prevalent dorsal insertion the haustorium the cotyledonary 
sheath seedlings this group worthy note connection 
with this opinion 

Though sometimes weakened even destroyed flowering 
under cultivation, all the appear normally poly- 
carpic. The terminal essentially one type 
though varied from thin lax raceme-like wand into stout com- 
pound spike with short and broad divisions open simple, com- 
pound even decompound panicle 5). Whatever its form, 
the flowers are clustered, usually two three together, the axils 
small prevailingly denticulate bractlets, either cushions 
short that they appear come from the main axis, or, more com- 
primary branches appear and the bracts are often 
large and conspicuous, those which support the ultimate flower 
clusters being scarcely larger than the bractlets. 
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The sometimes slightly polygamo-dicecious flowers 
are borne slender pedicels never greatly exceeding their own 
length, which are always distinctly jointed, usually about the 
middle. Though the flowers are small, their first petaloid, then 
scarious-persistent distinct entire toothed segments are usually 
whitish, though more less tinged with green, violet, rose 
cream—a coloration supported the usual whiteness the scari- 
ous bractlets and, often, similarly colored large bracts. The 
small elliptical anthers are introrsely versatile, their filaments 
slightly adnate the base the perianth segments. Three connate 
carpels, with typically two anatropous basal ovules each, constitute 
the pistil which 3-celled different genera. The stigmas 
are essentially apical, more less free and divergent style tips 
Nolina, crowning the rather narrowed ovary Beaucarnea, along 
the rim distinct funnel-like though sometimes cleft style 
Dasylirion, sessile points Calibanus (pl. 

Essentially unisexual and often dicecious, the flowers are perfect 
plan; and abortive stamens are found the fertile flowers, and 
more less recognizable rudimentary pistils those that are 
functionally staminate. fertile flowers nectar secreted small 
septal nectar-slits the base the very evident after 
this has enlarged into fruit (p/. 9); and staminate flowers 
the rudiments the carpels that perform the same 

Though prevailingly 3-merous, the flowers may show deviation 
from this pattern. noted that about one-fifth the flowers 
pistillate plant Dasylirion glaucum were 4-merous; and 
examining large numbers the fruits this genus have observed 
2-, 5-winged fruits several species and one 4-carpellary fruit 
Calibanus (pl. 11). Several observers have found that partly 
developed fruits may occur now and then staminate 
own observation shows that well developed stamens may found 
some pistillate flowers; and Bouché! records the transformation 
staminate into pistillate interesting line 
study for those who may observe and experiment with these 
plants they grow under natural conditions. 

Observations pollination not appear have been re- 
corded, but the flowers are clearly entomophilous and their pollina- 
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tors are sought probably among the Hymenoptera and Dip- 
tera, has been suggested for Dasylirion Sr. Patoni, 
Durango, 

Normally fertilized, the ovules develop into 3-sided 3-grooved 
seeds with micropyle the side the hilum, slender often 
scarcely discernible raphe, and thin and smooth somewhat thick- 
ened and wrinkled envelopes composed thin-walled cells and 
representing essentially the seed-coats though often with terminal 
umbo apiculus representing the base the nucellar tissue. The 
bulk the seed consists rather firm endosperm through which 
the finger-like embryo passes upward from near the micropyle 
toward the morphological base the nucellus. The endosperm 
consists moderate-sized polygonal cells with glistening white 
rather thick pitted walls and coarsely granular contents destitute 
starch. The walls these cells are the reserve-cellulose type, 
but they are colored blue neither iodine nor chlor-iodide 
though they swell greatly the latter reagent that 
thick section the contents, which large and abundant oil drops 
separate out, promptly extrude, sausage-like, from any chance 
break Went and have reported partial embryo 
formation some ovules and much more complete endosperm de- 
velopment others, pistillate without 
concurrence male nuclei. Usually only one the six ovules pro- 
duced normal pistil matures the 1-celled fruit Dasylirion 
and Beaucarnea the 3-celled ovary Calibanus; but with the 
3-celled fruit Nolina, though single seed the rule, two three 
are not infrequently seen,—usually only one cell, though ex- 
ceptionally both ovules carpel develop. 

The ripened fruit dry-walled: subglobose with three low ribs 
Calibanus, triangular with strongly developed dorsal wings 
the carpels Dasylirion and Beaucarnea, and deeply 3-lobed be- 
tween the wingless carpels Nolina. the first three genera 
does not dehisce, but Nolina, though the delicate walls are often 
irregularly torn—sometimes even before maturity the rather 
firmly attached seed, the fruit may remain long unopened—loculi- 
cidal dehiscence more less prevalent 

observations dissemination have been published, they have 
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escaped search, but the process may inferred with some 
probability from the character the fruit. all, the ripened fruit, 
with its enclosed attached seed seeds and the persistent but 
unenlarged perianth, falls disarticulation the pedicel,—close 
the fruit Dasylirion and Calibanus, somewhat further from 
Beaucarnea, and usually still greater distance Nolina. 
provision for dissemination other than through rolling being 
blown over the ground appears the round fruit Calibanus. 
The winged fruits Dasylirion and Beaucarnea are evidently 
wind-scattered the similarly disarticulating and equally small 
fruits Rumex,—though the latter the wings are not carpellary 
but consist the enlarged persistent sepals. The very different 
fruits Nolina are likewise evidently wind-disseminated, their 
more less inflated carpels giving them character intermediate 
between winged and balloon fruits. 

Germination, which published records have been found, 
Klebs’ Asphodelus-Tradescantia the seed—freed from 
the remnants the fruit still contained them the 
other genera—remaining the ground with the arched haustorium 
elongating with the cotyledonary sheath reach length 
even Nolina longifolia and specimens parviflora 


preserved Dr. Rose, the haustorium apical, though slight 


elbowing sometimes seen near the the top the arch; and 
sometimes straightens and lifts the seed from the ground. Seed- 
lings Beaucarnea and Calibanus preserved Dr. Rose show that 
these genera the sheath produced above the arch form 
pointed ventral ligule, true such species Dasylirion 
have observed. these cases the haustorium appears dis- 
tinctly dorsal the sheath, along which often sharply re- 
fracted growth evidently the principal 
expense the granular protoplasm, oil and 
the endosperm. Calibanus and Beaucarnea, shown excel- 
lent specimens the National Herbarium prepared Dr. Rose, the 
formation the thick trunk follows germination quickly. 
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Uses. 

Though none the can considered great 
present economic importance, many them are utilized one 
way another and probable that more use can made 
some species than now the case. the great bend the Rio 
Grande have seen the trunks Dasylirion split open give stock 
access the rather watery pith; and they are sometimes cut for 
Mexico the trunks Dasylirion are roasted and 
eaten similarly those the mezcal agaves; and Dr. Gregg notes 
similar use Nolina the label accompanying specimen 
it. From such roasted trunks Dasylirion, after fermentation, 
alcoholic beverage very similar mezcal spirits distilled, and 
under the name very commonly used through 
the extensive Mexican territory over which this genus occurs. 
Yucca, Agave, and some other plants, the sap those now under 
consideration contains, water conservation provision, saponi- 
fying substance, and the roots Nolina Palmeri are said serve 
The leaves Dasylirion and Nolina—and presum- 
ably Beaucarnea—are used for basket work, coarse 
hats and similar plaited-ware, either entire 
Though less employed than that yuccas and agaves, their fiber 
also somewhat used locally, and the narrow leaves the eastern 
bear-grass have long been used their entirety for hanging meat 
and similar domestic purposes for which strength rather than 
finished cordage needed. Some thought seems have been given 
also the preparation paper pulp from the fiber Dasylirion.* 


SYSTEMATIC REVISION. 


revising the forms known have had the privilege 
seeing unusual amount typical material, for which greatly 
indebted Professor Radlkofer Munich (Zuccarini types), Dr. 
Robinson Cambridge (Watson types), Dr. Rose the National 
Herbarium (types his own species) and Mr. Brandegee 
Berkeley, whose collection contains numerous critical forms. Ow- 
ing Engelmann’s early interest the vegetation the Texano- 
Mexican region, his herbarium, now the Missouri Botanical 
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Garden, rich representatives this, other groups char- 
acteristic that arid herbarium representation such 
plants goes: and it, well the herbarium the New York 
Botanical Garden and the National Herbarium, have been found 
types cotypes the species Scheele and Torrey. 

not venture think that anything like the last word 
the group here said,—the sparse occurrence the representa- 
tives admitted species through vast and greatly diversified area, 
shown the distribution map, would speak against such view 
but the following rather tersely cast synopsis published the 
hope that may render the work filling gaps both range and 
forms easier than has proved the past. Space not taken for 
full this would not have been very exten- 
but the principal revisions each genus are noted, well 
the various names under which species has appeared; and refer- 
ences are given all illustrations that have been found. 


Ovary 3-celled. Fruit wingless. 

Fruit deeply 3-lobed, often inflated: seed nearly globose, rather fleshy- 
walled. Pedicels articulated rather far below the flowers. Perianth 
segments entire, papillate-pointed. Leaves strongly ribbed with usually 
papillate grooves, most serrulately roughened the margin. In- 
florescence panicle (or racemosely reduced). 

Fruit globose-triangular, not lobed inflated; seed melon-shaped, thin- 
walled, occluding the sterile articulated close the 
flowers. Perianth segments nearly entire, rounded. Leaves Nolina. 
Inflorescence panicle. CALIBANUS. 

Ovary Fruit 3-sided and 3-winged, not lobed inflated. 

Pedicels articulated somewhat below the flowers. Perianth segments 
entire, acute. Seeds 3-grooved 3-lobed. Leaves somewhat ribbed, 
the grooves not usually papillate, most serrulately roughened the 
margin. Inflorescence panicle. 

Pedicels articulated close the flowers. Perianth segments denticulated, 
rather obtuse. Seeds 3-grooved 3-sided. Leaves not ribbed, their 
margin (in all except one square-leaved species) armed with strong 
prickles and usually also serrulate-roughened. Inflorescence stout 
compound spike. DASYLIRION. 


Michaux, Bor.-Amer. 208. 1803.—Watson, Proc. Amer. 
Acad. 14: 246-8. Contr. Nat. Herb. 10: 92. 
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1906.—Sometimes merged Dasylirion Beaucarnea, and made 

include the latter genus Hemsley, Biol. Centr.-Amer. 371, 

which conformed the views Bentham and Hooker, Gen. 

Plant. 780.—At first monotypic, based georgiana. 

Leaves thin and grass-like (but hard-fibrous), linear, rarely over mm. wide, 
rather flat, usually not brush-like tip. not very showy. 
Acaulescent (pp. 413-416). 

Inflorescence long minutely serrulate-scabrous 
essentially green spreading leaves, peduncled, unbranched with 
slender usually simple branches 15-25 cm. long. Floriferous bracts 
small, not imbricated. Pedicels remaining filiform, increasing 
mm. and equaling exceeding the usually rather large 
and inflated fruit. Seed not prominently exposed. 

Leaves smooth and rather open between the ribs. Panicle not com- 
pound. Lower bracts much shorter than the subtended branches. 
Bractlets barely serrulate. 

NOLINA GEORGIANA Michaux, Bor.-Amer. 208. 

Gard. Chron. 15: 688, 697. 126. 

Phalangium virgatum Poiret Lamarck, Encycl. Méth. 246. 

1804. 

Leaves 3-5 mm. wide. Inflorescence simply pani- 

cled with rather spreading branches. Flowers rather 

large. Fruit subelliptical, rather pointed, 7-9 

Central South Carolina and across central Georgia. 

Specimens examined: Milledgeville (Boykin, 1836). 

Augusta (Cuthbert, 1877). Belair (Eggert, 1899). Big Lott’s 

Creek Columbia County (Chapman). 


son (Bartlett, 1174, 1907). 


ATOPOCARPA Bartlett, Rhodora. 11: 81. 1909. 

Leaves 2-4 mm. wide. Inflorescence unbranched 
simply panicled. Fruit more less unsymmetrically 
obovate, shallowly notched, pointed, scarcely inflated, 

Eastern Florida. 

Specimens examined: Gallie (Curtiss, 5702, 
1896,—the type; 2937). Without locality 124, 1842-0; 
Chapman). Tacoi (Palmer, Tampa Bay 
(Burrows). 
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Leaves (as all except the two preceding) with the sides the 
ribs microscopically bracts sometimes about 
equaling the subtended branches. Bractlets toothed. Fruit (as 
all except the two preceding) conspicuously notched. 


Nash, Bull. Torr. Bot. Cl. 22: 158. 1895. 


cled with rather erect branches. 

3X4 


North-central Florida. 

Specimens examined: Eustis (Nash, 
type; Webber, 406, 1896). Clermont 1895; 
son, with the close-ribbed leaves this species, but fruit rather 
georgiana). 


LINDHEIMERIANA Watson, Proc. Amer. Acad. 14: 247. 1879. 
Dasylirion Lindheimerianum Scheele, 25: 262. 1852. 
tenuifolium Torrey, Bot. Mex. Bound. 215. 1859. 
Beaucarnea Lindheimeriana Baker, Journ. Bot. 10: 328. 

Leaves (exceptionally mm. wide. Inflores- 

cence simply panicled with spreading branches often 

than cm. long, the lower these with 


slender branchlets less than half long. Fruit some- 
12. 

Central Texas.—In the region texana and Dasylirion 

Specimens examined: Texas. Vicinity New Braunfels 
(Lindheimer, 213, 1846,—the type Lindheimerianum; 551, 
552, 1846; 1214-1217, 1849). Sabinal River (Wright, 1851-2, 
—the type tenuifolium). Austin Bandera’s 
Pass (Reverchon, 1606, 1884). Cherry Spring (Jermy, 831). 
Edwards County (Hill, 39, 1895). North San Antonio (Hast- 
ings, 81, 1910).—Gillespie County (Jermy,—with leaves 4-9 mm. 
wide). Western Texas (Wright, 673, 1849). 


Inflorescence rather dwarf, panicled. Bractlets rather conspicuous, more 
less lacerate. Leaves glaucescent, serrulate-scabrous. 
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Pedicels rather slender, length equaling exceeding the fruit. 
Floriferous bracts not imbricated. 
Lower bracts linear, leaf-like. Panicle simple. 
Leaves 2-4 mm. wide. Inflorescence cm. long, 
the upper two-thirds narrowly and simply panicled 
with short weak branches scarcely cm. long. 
Fruit suborbicular, 6-7 mm. diameter, the pedicels 
thickened upwards. Seed (immature) 
West-central Mexico. 
Specimens examined: Sierra Madre Mountains near 
Santa Teresa (Rose, 2165, type). 


Lower bracts dilated and scarious. Panicle compound. 


Hemsley, Biol. Centr.-Amer. 371. 1884. 
Cordyline longifolia Bentham, Plant. Hartweg. 53. 1840. 
Roulinia longifolia Brongniart, Ann. Sc. Nat., Bot. ii. 14: 320. 

1840. 
Dasylirion junceum Zuccarini, Akad. II. 
1857. 
Beaucarnea Hartwegiana Baker, Journ. Bot. 10: 
Shortly caulescent? Leaves mm. wide, somewhat fibrous- 
shredding tip. Inflorescence cm. long, short-stalked, ovoidly 
compound-panicled with pyramidal divisions cm. long and short 
Central Mexico. Collected about Zacatecas Hartweg 1837. 
The characters are extracted from the descriptions Zuccarini 
and Baker and from photograph Hartweg co-type (406) 
the Delessert herbarium which owe the obliging kindness 
Candolle and reproduce here with his permission. 


Pedicels thickened, about half long the rather large fruit. 
Floriferous bracts imbricated. Panicle simple, scarcely half 
long the leaves. 


HUMILIS Watson, Proc. Amer. Acad. 14: 
Biol. Centr.-Amer. 93. 
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Beaucarnea humilis Baker, Journ. Linn. Soc., Bot. 18: 237. 1880. 
Leaves mm. wide. Inflorescence cm. long, 
with few suberect basal branches one-third long. 

Fruit suborbicular, mm., scarcely inflated. Seed 

very large, 3-4 mm., prominently exposed. 
East-central Mexico. the region Watsoni, Calibanus, 
and Dasylirion Parryanum and graminifolium. 
Specimens examined: Vicinity San Luis 

Potosi (Parry Palmer, 875, 1878,—the type). 

Beaucarnea Watsoni Baker, Journ. Linn. Soc., Bot. 18: 236. 
1880. 

Leaves mm. wide, rather concave and unusually rough-margined. 

Inflorescence 25-30 cm. long, with rather numerous 

strict branches scarcely one-third long, smooth 

somewhat scabrid the short peduncle. Fruit more 

less ovate-orbicular, cordately notched, 8-10 

mm., inflated. Seed (immature) mm. 

East-central Mexico. the region humilis, etc. 
Specimens examined: Luts Vicinity San Luis 

Potosi (Parry Palmer, 874, 1878,—the type, 502, 1878; Schaffner, 

261, 1879). 

Leaves rather thick, linear narrowly oblong-triangular, scarcely over 
mm. wide, green, more less concave and unequally keeled one 
both faces, raggedly dentate-scabrous most species and age often 
fibrous-lacerate tip. Inflorescence usually about long the leaves, 
peduncled, compound-panicled. Bracts not usually very showy. Bract- 
lets more less lacerate. 

Fruit small, not inflated, the relatively large seed early exposed and 
prominent (pp. 416-420). ERU MPENTES. 
Inflorescence (as the last preceding species) often roughened 
lines. Pedicels rather thickened fruit. Acaulescent. 
Lower bracts firmly long-attenuate from somewhat dilated 
scarious-margined base. 

Lower panicle divisions much shorter than the subtending 
bracts, with rather weak strongly ascending branch- 
lets. 

TEXANA Watson, Proc. Amer. Acad. 14: 248. 1879.—Nash, 

Beaucarnea texana Baker, Journ. Linn. Soc., Bot. 18: 236. 
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Leaves very narrow, 2-5 mm. wide, smooth-edged slightly 
roughened, becoming triquetrous. 
Inflorescence often much shorter than the leaves, with 
oblong divisions often cm. long and lower branch- 
lets half long, subsimple. Fruit somewhat 
depressed, 5-6 mm. Seed mm. 12, 15. 

Central Texas. the region Lindheimeriana and Dasy- 
lirion 

Specimens examined: Vicinity New Braunfels (Lind- 
heimer, 550, 1846, 712, 1847,—the types; Austin 
635, 1872). Hamilton County (Reverchon, 967, 1882). Cibolo 
(Havard, 1883). Blanco County (Reverchon, mixed with 1606). 
Kerr County (Bray, 184, 1899). Davis Mountains (Earle Tracy, 
22, 1902). Gillespie County (Jermy, 327). Comstock (Thomp- 


son, 1911). Without locality (Buckley). 


Lower bracts mostly triangular, becoming friable. 
Lowest panicle division much shorter than the long-caudate 
subtending bract, with rather weak finally ascending 
branchlets. 


affinis Trelease. 

Leaves very narrow, 3-4 mm. wide, sometimes smooth-edged. 
Inflorescence length with broad divisions cm. long 
and lower branchlets scarcely half long. Fruit de- 
pressed, 6-7 mm. Seed mm. diameter. 

North-central Mexico. the outskirts the range erum- 
pens, microcarpa and Dasylirion leiophyllum. 

Specimens examined: CHIHUAHUA. Rocky hills near Chihuahua 
(Pringle, 2,1885,—the type). Santa Eulalia 139, 1908; 
Rose, 11672, 


caudata Trelease. 

sp. Rose, Contr. Nat. Herb. 20. 46-8. 

Leaves very narrow, wide, somewhat rough- 
edged. Inflorescence slender, with narrow divisions 
scarcely cm. long and lower branchlets cm. 
Fruit rather depressed, 5-6 mm. Seed 
mm. 

AMER. PHIL. SOC., 200 AA, PRINTED AUG, 
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Southern Arizona. the region microcarpa and Dasy- 
lirion Wheeleri. 

Specimens examined: Mule Mountains 
1894,—the Huachuca Mountains 1892, and 257, 
1894; Griffiths, 4831, 1903). Dragoon Summit 1881,— 
leaves). Nogales 1892; Ferriss, 1902; Coville, 1624, 
1903; Thompson, 1911). Sierra del Pajarito 387, 
1900). Line (?Parry, Bigelow, Wright Schott, 
1443; Mearns, 258, 200, 1892). 

Lower panicle divisions more less equaling the attenuate 
subtending bracts, with rather stiff spreading branchlets. 
ERUMPENS Watson, Proc. Amer. Acad. 14: 

Dasylirion erumpens Torrey, Bot. Mex. Bound. 

Beaucarnea erumpens Baker, Journ. Bot. 10: 

Leaves usually 6-10 mm. wide and very rough- 
florescence with pyramidal divisions cm. long and 
lower branchlets half long. Fruit rather depressed, 

Western Texas and adjacent Mexico. the region Dasy- 
lirion leiophyllum and Wheeleri 

Specimens examined: Texas. Western Texas (Wright, 1918, 
type erumpens; 602, 1849). Chisos Mountains 
(Bailey, 1901). Eagle Mountain (Bigelow, 1852). Eagle 
Spring (Hayes, 1858). Podrero 1855). CHIHUAHUA. 
Paso and Chihuahua (Wislizenus, 219, 1846). 


erumpens compacta Trelease. 

Leaves almost texana, sometimes scarcely mm. wide, the 
edge either rough smooth. Inflorescence with very compact ovoid 
divisions scarcely cm. long and branchlets about cm. long. 

Extreme western Texas. 

Specimens examined: Texas. Paso (Ferriss, 1902,—the 
type). Sierra Blanca (Trelease, 386, 1900). Sanderson 
1911). Marathon 1910). Presidio (Havard, 1880). 

only. 
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Leaves 6-7 mm. wide, smooth-edged. Inflorescence 

with rather narrow divisions scarcely cm. long and 
lower branchlets nearly half long. Fruit depressed, 

Southeastern Colorado northeastern New Mexico. The north- 
ernmost species the group. 

Specimens examined: Between the Purgatory and 
Apishipa rivers, north Trinidad (Greene, Jan., 1880,—the type). 
New Mexico. San Miguel County (Brandegee, 1879). Lincoln 
County (Wooton, 656, 1897). 

Lower panicle divisions considerably shorter than the sub- 
tending bracts, with short stiff spreading branchlets. 
cespitifera Trelease. 

Leaves 6-10 mm. wide, with dorsal well 

marginal roughening. Inflorescence very rough from 


7s 
compound tussocks, with narrow divisions cm. 


long and lower,branchlets scarcely one-third long. 


Fruit nearly orbicular, about mm. diameter. 
Seed 

North-central Mexico. the margin the range Dasy- 
lirion 

Specimens examined: Battlefield Buena Vista 
(Wislizenus, 308, 1847,—the type). High dry lands near Saltillo 
(Gregg, 81, 1847). 


Inflorescence (as usual the genus) essentially smooth. Lower 
bracts triangular, scarcely equaling the panicle divisions. Pedicels 
slender. Acaulescent with one exception. 

Watson, Proc. Amer. Acad. 14: 248. 1879. 
Beaucarnea Palmeri Baker, Journ. Linn. Soc., Bot. 18: 235. 


1880. 
Leaves 8-10 mm. wide, 
with narrow divisions cm. long and 
rather stiff ascending lower branchlets scarcely one 


fourth long. Fruit depressed, mm. Seed 


mm. diameter. 
Lower California. Overlapping the region Bigelovii and 
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Beldingi deserticola—The type locality given Tantillas 
Mountains. 

Specimens examined: Lower Pifion district (Or- 
cutt, 713, 1882,—determined Mr. Watson). San Pedro Martir 
(Brandegee, 1893). Paraiso 1890). 


Palmeri Brandegeei Trelease. 

Nolina sp. Brandegee, Proc. Cal. Acad. 209. 

Palmeri Brandegee, Zoe. 306. 

Arborescent. Trunk about high, length few-branched 
above. Leaves 7-8 cm. wide, rather glossy, denticulate-scabrous. 
Inflorescence with divisions cm. long and lower branchlets about 
one-third long. 

Lower California. 

Specimens examined: Lower San Julio 
gee, Apr. 11, 1890,—the type). Northern Lower California (Orcutt, 
July 1885). 

Fruit moderate size, somewhat inflated, the relatively seed not 
protruding early exposed. Panicle divisions with rather weak mostly 
elongated and ascending branchlets (pp. 420-422). 

Lower panicle divisions more less equaling the friable triangular 
bracts. Acaulescent. Leaves elongated. 
Watson, Proc. Amer. Acad. 14: 247. 
Beaucarnea microcarpa Baker, Journ. Linn. Soc., Bot. 18: 236. 
1880. 

Leaves 6-12 mm. wide, raggedly denticulate-scabrous. 
cence with often broad divisions even 
cm. long, and lower branchlets—sometimes again 
branched base—half long less. Fruit nearly 
mm. diameter, attached and exposed after dehiscence fruit— 
Pl. 12. 

Southeastern Arizona and adjacent New Mexico and Mexico. 
Overlapping the region caudata and associated with Dasy- 
lirion Wheeleri. The type locality Rock Arizona. 

Specimens examined: Rocky (Rothrock, 278, 
1874). Chiricahua Mountains (Toumey, 1894; Blumer, 1316, 1906). 


| 


g 
I 
q 
4 


TRELEASE—THE DESERT GROUP 421 


Santa Catalina Mountains (Pringle, 1881, 1882, 1884). Santa Rita 
Mountains (Pringle, 1882; Brandegee, 1891). Without locality 
(Toumey, 447, 1892). Sun Flower Valley (Girard, 1873). Blue 
River (Davidson, 775, Mexico. Santa Rita del Cobre 
(Greene, 1880). Burro Mountains (Rusby, 413, Gold- 
man, 1530, 1908). Dog Mountains (Mearns, 294, 1892). Lone 
Mountain (Mulford, 427, 429, 1895). Otero County (Rehn 
Viereck, 1902). Round Mountain 1905,—very narrow- 
leaved, Mogollon Mountains (Rusby, 412, 1881; 
Metcalfe, 232, 1903). Mimbres River (Metcalfe, 1025, 1904). San 
Luis Pass (Mearns, 186, 1892; Wooton, 1906). Twin Sisters 
Silver City Big Hatchet Moun- 
tains (Goldman, 1341, 1908). LINE (Parry, Bigelow, 
Wright Schott,1442). Colonia Garcia (Townsend 
Barber, 76, 1899). Vicinity Chihuahua 159, 1885; 
Palmer, 355, 1908). 


durangensis Trelease. 
Leaves very thin, even mm. wide, irreg- 
ularly serrulate-scabrous. Inflorescence with broad 
divisions length cm. long and chiefly basal 
shorter than the rather slender pedicels, more less 
depressed, small, 5-6 6-7 mm. Seed mm. 10. 

Northwestern Mexico. the region Dasylirion durangense 
and simplex. 

Specimens examined: Vicinity Durango (Palmer, 
249, 1896,—the type Ochoterena, Patoni, 1911). Tepehuanes 
(Palmer, 329, 1906). Southwestern Chihuahua 
1162a, 1162b, 1906). 


ELEGANS Rose, Contr. Nat. Herb. 10: 1906. 
Leaves very thin, wide, sometimes lanceo- 

lately narrowed above the base, serrulate-scabrous. 

Inflorescence with broad divisions 10-15 cm. long 

rather few branchlets scarcely half long. Fruit 

about equaling the pedicels, rather large, 8-10 

mm. Seed mm. 
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Central Mexico. the region Hartwegiana? 
Specimens examined: Zacatecas. Sierra Madre Mountains 
2396, 1897,—the type). 
Lower panicle divisions considerably longer than the triangular 


bracts. Shortly caulescent. Leaves much shorter than the in- 
florescence. 


rigida Trelease. 
Anatis rigida Brongniart, Ann. Sc. Nat., Bot. ii. 14: 320. 1840. 
Leaves mm., scarcely cm. long, 
cence much surpassing the leaves, sessile, with broad divisions 
about cm. long and rather few branchlets scarcely half long. 

Fruit about equaling the slender pedicels, moderate, about mm. 

diameter. Seed mm. 17. 

Mexico? Known only from the unpublished figures Sese and 

and Node-véran, which Candolle has placed 

hands for study, and which has furnished for publication 
excellent photographic copy. 

Leaves relatively actually thin, 15-40 mm. wide, serrulate-scabrous, not 
usually brush-like tip. Inflorescence ample, often peduncled, com- 
pound-panicled occasionally decompound. usually dilated 
and papery, often showy. Bractlets fimbriate-lacerate, conspicuous. 
Fruit large, inflated, the seed not protruded. Trees (with one excep- 
tion?) (pp. 422-426). ARBORESCENTES. 


Leaves rather thick, little shredded tip. Pedicels scarcely half long 
the fruit. 


Watson, Proc. Amer. Acad. 14: 247. 

Trunk 1-2 high. Leaves almost pungent, rather thick, con- 
cave, keeled, 15-25 even mm. wide, serrulate- 
scabrous. Inflorescence with rather narrow divisions 
15-30 cm. long and spreading densely flowered 
branchlets scarcely cm. long. Flowers large, with 
perianth segments mm. long. Fruit very large, 
orbicular, deeply notched both ends, 12-15 mm. diameter. 

Colorado desert. the region with 

Specimens examined: CALIFORNIA. Desert east San Ber- 
nardino (Parry, 1876,—the type). Whitewater (Vasey, 1881,— 
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leaf). San Gorgonio Pass (Engelmann, 1880). San Bernardino 
Mountains (Parish, 1879: 1882; 3145, 3165, 1894). San Felipe 
1894). Pala (Orcutt). San Jacinto Mountains (Hall, 

1819, 2432, 1901). Fort Whipple (Coues Palmer, 
1865). Between Sandy and Bill Williams Forks (Mrs. Stephens, 
1902). 


Watson, Proc. Amer. Acad. 14: 247. 1879. 

Dasylirion Torrey, Bot. Whipple. 151. 1857; Bot. Mex. 

216. 

Beaucarnea Baker, Journ. Bot. 10: 326. 1872. 

Trunk 1-2 high. Leaves almost pungent, scarcely concave 
keeled, mm. wide, often roughened the surface, the 

first rough margin shredding away brown fibers. 
Inflorescence with rather narrow divisions 15-30 cm. 
long and branchlets scarcely cm. long. Perianth 

segments about mm. long. Fruit large, orbicular, 
deeply notched both ends, usually 10-12 mm. but occasionally 
mm. diameter. Seed mm. 

Western Arizona, across the Colorado desert, and into Lower 
California. the region and overlapping the ranges 
Palmeri and Beldingi. sketchy picture it, the 
Tinajas Altas, given Schott Emory, Rept. Bound. Surv. 
pl. 

Specimens examined: Bill Williams Fork (Bigelow, 
type Union Pass (Palmer, 1870). 
Havasupai (Kinner, 1900). Gold Road (Mrs. Stephens, 
1902). Meadows (Mrs. Stephens, 1902). CALIFORNIA. 
Mountain Springs, near the boundary (Parish, 1880; Vasey, 1880; 
Mearns, 3015, 3066, 3146, 1894). CALIFORNIA. Can- 
tillas Cafion (Orcutt, July 1884). Yubay (Brandegee, 1889).— 
Line. Tule (Mearns, 320, 1894).—Sonora. 
fruit scarcely mm. diameter.) 


Leaves rather thin, sometimes shredded tip. Pedicels nearly quite 
equaling the fruit. 
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Trunk 1-3 high. Leaves 30-40 mm. wide, 
strongly serrulate-scabrous. Inflorescence with nar- 
row ascending divisions cm. long, and branchlets 
—chiefly upwards—scarcely half long. Fruit? 

Northeastern Mexico. the region Dasylirion longissimum. 


Specimens examined: TAMAULIPAS. Mountains near Miqui- 
huana (Nelson, 4489, 1898,—the type). 


Brandegee Bailey, Cycl. Amer. Hort. 1092. 
1901 Gard. Chron. iii. 34: 43. 1903. 
Trunk 3-5 high, rather openly branched. Leaves very slightly 
glaucous, mm. wide. Inflorescence long- 
and branches 8-10 cm. long, often again branched 
branchlets 1-2 cm. long. Fruit much depressed, 
retuse base, very large, 8-10 mm. more. 
Seed large, mm. 
Lower California. The type locality mountain tops the Cape 
Region. 

Specimens examined: Lower CALIFoRNIA. Sierra San Fran- 
cisquito 583, 1892). Chuparosa (Brandegee, 1893, 

Beldingi deserticola Trelease. 

Subacaulescent with leaves scarcely cm. long, otherwise re- 
sembling the type. 

Lower California. the desert association Palmeri and 
Bigelovii. 

Specimens examined: CALIFORNIA. Yubay (Brande- 
gee, 1889,—the type). 
PARVIFLORA Hemsley, Biol. Centr.-Amer. 372. 1884. 

Cordyline parviflora HBK., Nov. Gen. Sp. 268. 1815; pl. 

674. 1825 
Dracena parviflora Willdenow Schultes, 348. 1829. 
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Roulinia Humboldtiana Brongniart, Ann. Sci. Nat., Bot. ii. 14: 
320. 1840. 

Dasylirium Humboldtii Kunth, Enum. 

Nolina Altamiranoa Rose, Proc. Nat. Mus. 29: 438. 1905. 

recurvata stricta Baker, Journ. Linn. Soc., Bot. 18: 

234. 1880.—As localities cited. 
Trunk 2-4 high. Leaves 15-20 mm. 
wide. Inflorescence with divisions cm. long and 

lower branchlets half long. Bracts very showy, 

nearly cm. long, caudate-attenuate. Fruit very 

South-central Mexico. The type locality between Hauhtitlan 
and Tanepantla. 

Specimens examined: District. Above Santa 
(Pringle, 8060, 1899,—the type Altamiranoa; 13620, 1905; 
Rose Hay, 5388, Rose Painter, 8659, 1905). Rio Hondo 
Cafion (Pringle, 6787, 1898). Chalchicomula (J. Smith, 451, 
1892). Guadalupe (Bourgeau, 520, 1865-6). Esperanza 
(Purpus, 821, 1907). VERA Cruz. Limon 80, 1905). 


Hemsley, Biol. Centr.-Amer. 373. 1884. 

Yucca longifolia Schultes, Syst. 
Allgem. Gartenzeit. 258. 

Dasylirion longifolium Zuccarini, Akad. 
20, 21.—Morren, Belg. Hort. 1865: 321. 20.—Garden. 
Fenzi, Bull. Soc. Ort. 1890: 112. 
Gartenwelt. 11: 14. Gart. Zeit. 66. 
Natur. 34: 340. Garden. 24: 433. 
flora. 29: 117. f.; 33: 68. Belg. Hort. 33: 139.— 
Gérome, Rev. Hort. 83: 206. 

Roulinia Karwinskiana Brongniart, Ann. Sc. Nat., Bot. ii. 14: 
320. 1840. 

?Yucca Barrancasecca Pasquale, Cat. Ort. Bot. Napoli. 108. 
1867.—See also Zuccarini, c., and Rept. Mo. Bot. Gard. 
13: 
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Beaucarnea longifolia Baker, Journ. Bot. 10: 324. 1872. 

Trunk 2-3 high, swollen base, length closely few- 
branched top. Leaves 20-30 mm. wide, very long 
and recurving over the trunk; green. Inflorescence 
nearly sessile with divisions cm. long and lower 
branchlets scarcely one-fifth long. Fruit sub- 
orbicular rather depressed, large, 10-12 mm. Seed 
13. 

South-central Mexico. Inthe Dasylirion serratifolium. 
The type locality given San Jose del Oro Schultes, 
authority Karwinski. Roezl gives its occurrence about 3,000 
altitude Puebla, Oaxaca and Mexico. 

Specimens examined: Oaxaca. 
Esperanza (Purpus, 5077, ?5076, ?5078). San Luis Tultitlanapa 
(Purpus, 432, 1907, 5079, Munich Botan- 
ical Garden, from Karwinski’s seed 1901,—semi-typical 
Palermo Botanical Garden (Trelease, 1905). Bushey House 
Gardens (Blake, 1909). 

Certain questionable thin- but narrow-leaved forms grown gar- 
dens under this name, or, glaucous form, var, glauca 
Pincenectitia glauca, appear forms Beaucarnea. 


CALIBANUS. 


Rose, Contr. Nat. Herb. 10: based 
the species figured Hooker for Dasylirium Hartwegianum. 


Calibanus Hookerii Trelease. 

Dasylirium Hartwegianum Hooker, Bot. Mag. iii. 15. 
1859. 

Lemaire, Hort. misc. 24. 1859. 

caespitosum Scheidweiler, Wochenschr. Verein Gar- 
286. 1861. 

Hookeri Lemaire, Ill. Hort. 12. 52. 1865. 

flexile Koch, Ind. Sem. Berol. 1867. Append. 

Beaucarnea Hookeri Baker, Journ. Bot. 10: 327. 1872. 

Calibanus caespitosus Rose, Contr. Nat. go. 


pl. 24-5. 
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Shortly caulescent. Trunk depressed globose with numerous 
crowns leaves. Leaves rather thin, somewhat concave and keeled, 
narrowly linear, 2-3 mm. wide, serrulate-scabrous the margin, 
not brush-like tip, blue. Inflorescence scarcely cm. long, 


¢ 


with exceptional very short and few basal branch- 
lets. Bracts scarious, much shorter than the subtended branches, 
the floriferous ones and the bractlets inconspicuous, ovate lanceo- 
late, little-toothed. Flowers minute. segments about 
mm. long. Fruit triquetrously subglobose, 3-ribbed, 5-7 mm. 

East-central Mexico. The type locality Real del Monte. 

Specimens examined: Ixmiquilpan (Rose, Painter 
Rose, 8954, 1905; Purpus, 1200, 4775, 1905). SAN 
San Luis Potosi (Orcutt, 1903; Palmer, 1905). 


BEAUCARNEA. 

Lemaire, Hort. misc. 57, with plate. 1861.—Baker, 
Journ. Bot. 10: 323. 1872; Journ. Linn. Soc., Bot. 18: 233. 1880, 
—in both cases including Nolina.—Rose, Contr. Nat. Herb. 
10: 87. not monotypic, based primarily 
recurvata, and capable precise definition. 


Leaves with essentially smooth grooves and nearly smooth margins, thin, 
nearly flat, recurved, green. Floriferous bracts rather elongated. Fruit 
large, rather long-stalked before falling. Slender trees, about high, 
moderately enlarged base. 

BEAUCARNEA RECURVATA Lemaire, Hort. misc. 61. 

Chron. 1870: 1445. 254; iii. 46: 
Deutsch. Gart. Mag. 1871: 288. 28: 210. 
Garden. 19: 372. 
Pincenectitia tuberculata Lemaire, c., synonym. 
Beaucarnea tuberculata Roezl, Belg. Hort. 33: 138. 1883. 
Nolina recurvata Hemsley, Biol. Centr.-Amer. 
Rehnelt, Gartenwelt. 11: 78. Forest. 94. 
des Serres. 18. misc. 26. Schenck, Vege- 
tationsbilder. pl. Rev. Hort. 83: 207. 83. 
tuberculata Hort. 
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shorter than the leaves, very short-peduncled, simply 
panicled with thin spreading branches 6-8 cm. long, 
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Trunk openly slender-branched above. Leaves 15-20 mm. wide, 
1.5-2 long. Inflorescence nearly sessile, broadly ovoid-panicled, 
decompound with divisions long, lower branches nearly half 
long and branchlets cm. long. Perianth segments mm. long. 
Fruit 

Southeastern Mexico. Noted Roezl Paso del Macho and 
Karsten Sta. Maria, the State Vera type 
the genus.—Two garden varieties, intermedia and rubra, are noted 
Baker, Journ. Linn. Soc., Bot. 18: 234. 1880. 

Specimens examined: Palermo Botanical Garden 
(Trelease, 1905). Missouri Botanical Garden. 


INERMIS Rose, Contr. Nat. Herb. 10: 88. 
Dasylirion inerme Watson, Proc. Amer. Acad. 26: 157. 
Trunk rather closely few-branched top. Leaves 12-15 mm. 

wide, about long. Inflorescence long-stalked, 

narrowly pyramidal-panicled, somewhat decompound 
with divisions cm. long, slender lower branches half 
long and few branchlets 3-4 cm. long. Perianth 
segments scarcely mm. long. Fruit elongated- 

elliptical, 14mm. Seed (immature) mm. 
East-central Mexico. 

Specimens examined: Las Palmas (Pringle, 
3108, type Dasylirion inerme). San Dieguito 
(Palmer, 644, 1905). VERA Cruz. Zacuapam 4432, 
1907). East Huatusco (?Endlich, 1162, 
708, 1901).—The incomplete Vera Cruz material per- 
haps belongs the preceding, though short-leaved. 


PLIABILIS Rose, Contr. Nat. Herb. 10: 89. 
Dasylirion pliabile Baker, Journ. Linn. Soc., Bot. 18: 240. 1880. 
Trunk openly slender-branched top. Leaves mm. wide, 

less long. Inflorescence compound-panicled 

broad divisions cm. long and few rather 

short spreading branches. Perianth segments mm. 

long. Fruit somewhat obovately 

mm. Seed 3X4 irregularly 

lobed, transversely 
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Southeastern Mexico. 
Specimens examined: Yucatan. Near Sisal (Schott. 
type Dasylirion pliabile). Progreso (Goldman, 607, 1901). 


GUATEMALENSIS Rose, Contr. Nat. Herb. 10: 88. 
1906. 
Trunk often with slender multiple stems, variously branched. 
Leaves mm. wide, less than long, smooth- 
edged. Inflorescence short-stalked, broadly ovoid- 
panicled, decompound with divisions cm. long, 
rather spreading branches sometimes half long, 
and few branchlets cm. long. Perianth segments 
mm. long. Fruit elliptical-obovate, 13-15 15-18 mm., length 
openly notched top and base. Seed mm. diameter, irregularly 
3-lobed, 
Guatemala. The southefnmost species the group. 
Specimens examined: GUATEMALA. Rancho (Kellerman, 
4320, 1905,—the type; 5398, 1906; 7015, 1907, and 7020, 1908). 
CULTIVATED. Guatemala City (Kellerman, 6069, 1907). 


Rose, Contr. Nat. Herb. 12: 261. 20. 

Trunk openly slender-branched above. Leaves mm. wide, 
scarcely long, essentially smooth-edged. 
cence nearly sessile, compound-panicled with narrow 
ascending divisions 15-20 cm. long strict 
branches about half long. Perianth segments about 
2mm. long. Fruit elliptical, very large, 12-15 18-20 
mm. Seed? 

Southern Mexico. 

Specimens examined: San Vicente (Goldman, 887, 
1904,—the type). 


Leaves papillate-grooved Nolina, rather rough-margined, firm, more 
less concave, keeled plicate, nearly straight, pale glaucous. Flori- 
ferous bracts short. Fruit small for the genus, very short-stalked. Trees 
about high, greatly swollen base. 


Pincenectitia glauca Lemaire, synonym. 
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Beaucarnea recurvata stricta Baker, Journ. Linn. Soc., Bot. 18: 
234. 1880. 
glauca Roezl, Belg. Hort. 33: 
Purpusi Rose, Contr. Nat. Herb. 10: 
Purpus, Deutsch. Gartn.-Zeit. 23: 223. 
Trunk moderately swollen, irregularly rather few-branched. 
Leaves more less keeled plicate, 8-15 mm. wide, 


scarcely long, the yellowish margin usually 

minutely serrulate-scabrous. nflorescence shor 
stalked, ovoid-panicled, decompound with narrow 


divisions cm. long and short branches, the lower 

with branchlets cm. long. Perianth segments mm. long. Fruit 
broadly elliptical, mm. Seed 4-5 mm. irregularly 
3-lobed, 14. 

South-central Mexico. Associated with the next and Dasylirion 
lucidum. 

Specimens examined: Tehuacan (Rose, Painter 
Rose, 10156, 1905,—the type Purpusi; Rose Rose, 11220, 
1906; Purpus, 2397, 1907). San Luis Tultitlanapa (Purpus, 
1908). Oaxaca. Tomellin Cafion (Rose Rose, and 
1906). Almoloyas Sta. Catarina 1644, 1906). 


MacDougal, Publ. Carnegie Inst. 99. 
histrix Hort. 
Trunk enormously swollen below, variously 
branched. Leaves very glaucous, 4-7 mm. wide, 
cm. long, minutely but sharply serrulate- 
scabrous the paler margin. Inflorescence short- 
stalked, ovoid- oblong-panicled, decompound with 
divisions scarcely cm. long and weak branches half 
long, the lower often similarly branched. segments 
scarcely mm. long. Fruit round-elliptical, mm. Seed 
South-central Mexico. Associated with the preceding. 
Specimens examined: Tehuacan (Rose, Painter 
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Rose, 10157, 1905,—the type Trelease, 1903; Pur- 
pus, 1253a part, 1905, and 2503, 1907). CULTIVATED. New 
York Botanical Garden (Taylor, 25734, 1906). 


DASYLIRION. 


Zuccarini, Allgem. Gartenzeit. 258, 303. 1838.—Plant. Nov. 
vel Minus Cognit. 221. pl. (Abhandl. Akad. Munchen. II. 
Akad. Miinchen. Cl. Denkschr. Enum. 
Plant. 38. 1850,—as Dasylirium.—Baker, Journ. Bot. 10: 296. 
1872; Journ. Linn. Soc., Bot. 18: Contr. 
Nat. Herb. 10: 89. 1906.—Though primarily based Yucca 
pitcairniefolia glomerata) and made include with ques- 
tion Yucca [Nolina] longtfolia, finally stood with its author for 
the prickly-leaved sotols, which serratifolium and gramini- 
folium were definitely included his first publication the genus 
and mark its type. 

Leaves 2-edged, usually somewhat concave and irregularly keeled, prickly- 
margined and usually roughened with minute intervening denticles 
serratures (pp. 431-440). 

Fruit small (3-5 mm. wide). 

Fruit normally with moderately deep notch, narrowly elliptical 
obovate, the style not surpassing the wings. Perianth segments 
about long. Leaves elongated, rather wide (usually 15-20 
mm.). 

Prickles prevailingly upcurved. 

Dasylirion cedrosanum Trelease. 

Dasylirion sp. Kirkwood, Pop. Sci. Monthly. 75: 438, 445. 

Shortly caulescent. Trunk I-1.5 high. Leaves mm. wide, 

upwards long, slightly brush-tipped, glaucous, 


slightly rough-keeled, prickles mostly mm. 
apart, 2-5 mm. long, yellow, becoming red upwards. 


Inflorescence high. Fruit very narrowly 
elliptical, 7-9 the style barely half long the narrow 
deep notch. Seed 3.5mm. 12, 

Northeastern Mexico. Overlapping the range 


cespitifera. 
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Specimens examined: Zacatecas. Cedros (Lloyd, 
type, and 82, 1908; Kirkwood, 96, 1908). Rancho 
stura 307, 1847). 


Dasylirion sp. Schenck Karsten, Vegetationsbilder. pl. 46. 
Shortly caulescent. Trunk 1-2 high sometimes prostrately 

elongated. Leaves 10-17 mm. wide, scarcely 

long, strongly brush-tipped, typically yellowish, 

smooth and glossy: prickles mostly 10-15 mm. apart, 


2-3 mm. long, from yellow passing through red 


almost chestnut, the margin often reddish. Inflorescence 2-3 
high. Fruit narrowly elliptical-obovate, 4-5 7-8 mm., the rather 
slender style about half long the rather narrow deep notch. 

South-central Mexico. With Beaucarnea gracilis and stricta. 

Specimens examined: Tehuacan (Rose, Painter 
Rose, 10009, 1905,—the type; Trelease, 1903, 1905; Purpus, 3047, 
1909). Esperanza (??Purpus,1907). San Luis Tultitlanapa 
pus, 5082, 1908). 


Palmeri Trelease. 

Habit? Leaves mm. more wide, scarcely long, some- 
what brush-tipped, green lightly glaucous, smooth, 
dull: prickles mostly mm. apart, mm. long, 
yellow, becoming brown upwards, the intervening 


margin rather smooth. Inflorescence moderately high. 
Fruit narrowly elliptical- triangular-obovate, mm., the 
stout style about equaling the rather open shallow notch. Seed 
12. 

Northeastern Mexico. 

Specimens examined: San Lorenzo (Palmer, 


1905,—the type). 


Parryanum Trelease. 
Habit? Leaves becoming 10-15 mm. wide, scarcely cm. long, 
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brush-tipped, whitened, minutely roughened and 
dull: prickles about mm. apart, mm. long, yellow, 
becoming red upwards, the margin very rough be- 
tween them. moderate, exceptionally 
sub-simple. Perianth segments scarcely mm. long. 
Fruit elliptical somewhat obovate, mm., the style scarcely 
equaling the narrow moderately deep notch. Seed? 
East-central Mexico. the region graminifolium and 
Nolina humilis and 
Specimens examined: San Luts Vicinity San Luis 
Potosi (Parry Palmer, 876, 1878,—the type; Schaffner, 242, 
with graminifolium?). 


Prickles prevailingly recurved. 


leiophyllum Engelmann herb. 

Dasylirion sp. Trelease, Pop. Sci. 70: 220. 

Shortly caulescent. Leaves becoming mm. wide, scarcely 
long, somewhat brush-tipped, green first somewhat 
glaucous, smooth, rather glossy: prickles usually 
mm. apart, 3-4 mm, long, yellow, usually be- 
coming orange red least above the middle, the 
margin sometimes smooth between them. 
cence rather high. Perianth segments scarcely mm. long. Fruit 
obovately subelliptical, 6-8 mm., the thick style about equaling 
the moderately open and deep notch exserted the wings have 
not fully developed. Seed 12. 

Southern Texas, the Rio Grande region, passing into New 
Mexico and reaching reappearing central Chihuahua.—Ad- 
joining overlapping the range Wheeleri and 
Nolina erumpens and affinis. 

Specimens examined: Texas. Presidio (Havard, 
type). Eagle Pass 1883). Sierra Blanca (Trelease, 
1892, 388, 1900; Mulford, 275, 1895; Rose, Standley Russell, 
12222, 1910). Van Horn (Eggert, New Mexico. Cen- 
tral (Mulford, 424, 1895). Florida Mountains (Mulford, 1037, 
1895). Sta. Eulalia Mts. (Pringle, 149, 1885; 
Williamson, 1885). 


PROC. AMER. PHIL, SOC., 200 BB, PRINTED AUG, 
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Fruit with very shallow notch, broadly elliptical, the style rather surpass- 
ing the wings. Prickles prevailingly upcurved. 
TEXANUM Scheele, Linnza. 23: 140. 1850.—Bray, Bull. Univ. 

Tex. 82. 13; Bot. Gaz. 32: 288. 

Shortly caulescent with buried trunk. Leaves 10-15 mm. 
wide, scarcely long, somewhat brush-tipped, 
green, smooth rough-keeled, glossy: prickles 
mm. apart, 2-3 mm. long, yellow, becoming 
mm., the very short style equaling surpassing the 
open shallow notch. Seed 12, 15. 

South-central Texas. the range Nolina and Lind- 

Specimens examined: Texas. Vicinity New Braunfels (Lind- 
heimer, 548, 1845,—apparently the type, 1846, 1849). 
Blanco Cafion 1605, 1885). Putnam (Trelease, 1892). 
Gillespie County (Jermy). Kerr County (Heller, 1920, 1894; Bray, 
228, 1899). Hueco Tanks (Mulford, 90,1895). Sanderson 
berg, 1907; Thompson, 1911). Marathon (Lioyd, 1910). Com- 
stock (Thompson, 1911). Ft. Davis (Blake). 


texanum aberrans Trelease. 
Differing from the type its dull somewhat glaucous leaves, 
mm. wide. 
Northern Mexico. 
Specimens examined: Coahuila and Nuevo Leon” 
1315, 1880,—the type). 
Fruit rather small (5-6 mm. wide), subcordate, the style not surpassing 
the wings. 
simplex Trelease. 
Acaulescent. Leaves mm. wide, scarcely long, rather 
sparsely very long-fibrous tip, green, smooth, glossy: prickles 
mm. apart, 2-3 mm. long, rather straight, 
prevailingly upcurved, yellow, the upper half becom- 
ing brown finally almost black, the margin nearly 
smooth between them. Inflorescence (typically 
small, the staminate with one three small branches each division 
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and the pistillate simple its divisions with short basal branch. 
Fruit broadly obovate, 5-6 mm., the thick style about equaling 
the open moderate notch. Seed (immature) 12. 
North-central Mexico. the region Nolina durangensis. 
Specimens examined: Duranco. Tepehuanes (Palmer, 310, 
1906,—the type). Santiago Papasquiaro (Palmer, 422, 1896). 


Fruit moderately large (usually 6-8 mm. wide); the style not surpassing 
the wings. Prickles prevailingly upcurved. 
Leaves not brush-tipped, glaucous. 

GLAUCOPHYLLUM Hooker, Bot. Mag. ili. 14. 
Bot. 10: 298. 1872.—?Gard. 
Chron. iii. 40: 247. 

glaucum Carriére, Revue Hort. 44: 435. 
Garden. 23. f., and Florist and Pomol. 1874: 17. 
Chron. 13: 82, 205. Belg. Hort. 33: 

serratifolium Rept. Mo. Bot. Gard. 14: 12. 

Bonapartea glauca Hort. 

Shortly caulescent. Trunk scarcely high. Leaves much 

mm. wide, over long, glaucous, nearly 
quite smooth, dull: prickles 5-10 mm. apart, mm. 
long, yellowish white the tips becoming slightly 

brownish. Inflorescence high. Fruit sub- 

elliptical, mm., the thick style about half 

long the closed deep notch. Seed 2.5 12. 

East-central Mexico. the region acrotriche and Cali- 

type locality Real del Monte. 

Known only cultivation. The fruit description based 

material cultivated Mortola (Berger, 560, 1911). 

Leaves more less brush-tipped. 
Leaves narrow (scarcely mm.), strongly brush-tipped. 

Zuccarini, Abhandl. Akad. Cl. II. 

Yucca acrotricha Schiede, 230. 1829; 52.— 
Schultes, 1716. 1830. 

Roulinia gracilis Brongniart, Ann. Sc. Nat., Bot. ii. 14: 320. 
1840. 
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Barbacenia gracilis Brongniart, synonym. 

Yucca gracilis Otto, Allgem. Gartenzeit. 123. 
synonym. 

Bonapartea gracilis Otto, synonym. 

Dasylirion gracile Zuccarini, Abhandl. Akad. Miinchen. Cl. 
19): 22. 1845. 

Dasylirium acrotrichum Kunth, Enum. 40. 1850.—Hooker, 
Bot. Mag. iii. 14. pl. des Serres. 14. 
Deutsch. Mag. Gart.-u. Blumen- 
1871: 49, 64, 81, 96. pl—Koopmann, Gartenwelt. 
375-6. 

Dasylirium gracile Planchon, des Serres. 10. 1851-2. 

Littea gracilis Verschaffelt, Cat. Phyllobiol- 
ogie. 422. 

Dasylirion acrotrichum Baker, Journ. Bot. 10: 
Regel, Gartenflora. 30: 24. Chron. iii. 19: 204. pi. 
—Deutsch. Gartner-Zeit. 20: 536. 

robustum Hort.—( Perhaps serratifolium. 

Caulescent. Trunk length more high. Leaves 6-10 

rarely mm. wide, less than long, green 

and glossy somewhat glaucous and dull, often 

rough the keels: prickles 5-10 mm. apart, 

mm. long, rather straight, pale yellowish, 

with slightly brown tips. Inflorescence 3-5 

more high. Perianth segments 2-3 mm. long. Fruit round-cordate, 

6-7 mm., the thick style about equaling the shallow notch. 

East-central Mexico. Collected Schiede and Deppe the 
Serro Ventana, the flanks Mt. Orizaba, Karwinski 
Ixmiquilpan, and Reppert Real del Monte. Deppe’s original 
seed collection, 1825 (Otto, Allgem. Gartenzeit, 16: 276. 1848) 
was made between Real del Monte and Pachuca, and most the 
earlier plants European gardens were raised from this Berlin 
(Bouché, Monatsschr. Verein Beford. Gartenbau. 1880: 
Range the preceding. 

Specimens examined: Dublan (Pringle, 11196, 1902; 
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Rose Hay, 5305, 1901). Metepec (Pringle, 10001, 1904). Tula 
(Pringle, 6637, 1897; Rose, Painter Rose, 8280, 1905). Ixmiquil- 
pan (Rose, Painter Rose, 8969, 9029, 1905). Sierra Pachuca 
(Rose, Painter Rose, 8801, 1905; Rose Rose, 11484, 
1906). Cadereyta (Rose, Painter 
Luts San Luis Potosi (Parry Palmer, 876, 1878). 
Leaves wide (rarely under mm.), only moderately brush 
tipped. 
Fruit elliptical obovate. 
Prickles small. 
GRAMINIFOLIUM Zuccarini, Allgem. Gartenzeit.6: 259, 303. 1833; 
Abhandl. Akad. Miinchen. Cl. II. 225. 
Yucca graminifolia Zuccarini, Cat. Hort. Monac. 1837. 
Dasylirium graminifolium Kunth, Enum. Pl. 39. 
Subcaulescent? Leaves mm. wide, about long, green, 
smooth, glossy: prickles mostly 5-10 mm. apart, 


mm. long, yellowish white with slightly darkened 
tips. Inflorescence moderately high. Fruit broadly 


elliptical, 8-9 mm., the thick style equaling the 
rather open shallow notch. Seed 

East-central Mexico. The type said Otto have been 
raised from seed sent with that acrotriche Deppe 1827.— 


the earliest well-characterized and figured species, this may per- 


haps accepted the type the genus, though follows ser- 
ratifolium the region Parryanum, Calibanus 
and Nolina humilis and Watsoni. 

Specimens examined: SAN Vicinity San Luis 
Potosi (Parry Palmer, 876, 1878; 242, 1878,—mixed 
with Parryanum). Las Canoas (Pringle, 3746, 1891). 

Leaves hybridum the Botanical Garden Rome not 
differ from this except being 15-20 mm. wide, nearly dull and 
longifolium and serratifolium, but foliage shows characters 
the former, and unlike the latter understand it. 


Prickles moderate. 
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durangense Trelease. 

Habit? Leaves mm. wide, scarcely long, lightly glau- 
cous, nearly smooth, dull: prickles 5-10 mm. apart, 
2-3 mm. long, yellow, with orange tips. Inflorescence 
tall. Fruit broadly elliptical-cordate, 7-8 mm., 
the thick style scarcely half long the rather open 
deep notch. Seed 12. 

North-central Mexico. the region Nolina durangensis. 

Specimens examined: Durango (Palmer, 557, 1896,— 
the type). 

SERRATIFOLIUM Zuccarini, Allgem. Gartenzeit. 258, 303,—name 
only. 1838; Abhandl. Akad. Cl. II. 
16): 225, 228. Belg. Hort. 33: 
139. 

Yucca serratifolia Schultes, Syst. 1830. 

Roulinia serratifolia Brongniart, Ann. Sc. Nat., Bot. ii. 14: 319. 

1840. 

Dasylirium serratifolium Kunth, Enum, Pl. 

Dasylirion laxiflorum Baker, Journ. Bot. 10: 299. 

robustum Hort. 

Subacaulescent. Leaves 15-20 even mm. wide, scarcely 

long, whitish, finely roughened one both 

faces, dull: prickles 5-10 even mm. apart, 2-3 

mm. long. Inflorescence ample. Fruit quadrately 
the style equaling the narrow rather 

Southeastern Mexico. Collected Andrieux near Oaxaca, and 
Karwinsky San Jose del Oro.—Region Nolina longifolia. 

Specimens examined: Oaxaca. Las Sedas (Pringle, 6697, 1897). 

Watson Rothrock, Rept. Wheeler. 378. 1878; 
Proc. Amer. Acad. 14: 249. 1879.—Wooton, Bull. Mex. 
Exper. Sta. 18: 92. Plant World. 10: 254. 
MacDougal, Publ. Carnegie Inst. 99: 74, pl. 58—De Wilde- 
man, Icones Sel. Hort. Thenensis. 91. 225.—Sketchy 
habit figures, without name, are given Schott Emory, 
Rept. Bound. Surv. pl. 37, 42. 
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Shortly caulescent. Trunk scarcely high. Leaves 

mm. wide, scarcely long, glaucous, nearly 

smooth, dull: prickles mm. apart, 2-3 mm. long, 

yellow, becoming brown upwards. Inflorescence 3-5 

high. Fruit round-obovate, 6-7 7-9 mm., the 

style normally about equaling the open moderately deep notch. Seed 
(immature) mm. 11, 12. 

Southeastern Arizona and adjoining Mexico, New Mexico and 
Texas. Region Nolina microcarpa and caudata. 

Specimens examined: Ash Creek, etc. (Rothrock, 
655,—the types). Rio Grande Gila Rivers (Emory, 1846). Sun- 
flower Valley (Girard, 1873). Dragoon Summit (Vasey, 1881). 
Sta. Catalina Mountains (Lemmon, 1881; Pringle, 1881; Toumey, 
1894). Without locality (Pringle, 1884). Sta. Rita Mountains 
(Brandegee, 1891). Ft. Huachuca 208, 264, 
cahua Mountains (Toumey, 1894). San Carlos (Straub, 1895). 
Nogales (Coville, 1623, 1903; Thompson, 1911). White Tail 
Benson (Rose, Standley Russell, 12326,1910). 


Mexico. Silver City (Greene, 1880; Metcalfe, 637, 1903). Burro 


Mountains (Rusby, 413, 1881,—leaves). Pinal Mountains (Toumey, 
449, 1892). Las Cruces (Wooton, 72, 1897). Mangos (Metcalfe, 
1897). Kingston (Metcalfe, 1014, 1904). Alamogordo (Rehn 
Viereck, 1902). Organ Mountains (Standley, 1906). 
Paso (Evans, 1891). Tortugas Mountains.( Rose, Standley Rus- 
Lake Sta. Maria (Nelson, 6393, 1899). 


Fruit triangular-obcordate: prickles moderate. 


Wheeleri Wislizeni Trelease. 

Shortly caulescent. Leaves mm. wide, scarcely long, 
green slightly glaucous, typically smooth and. rather 
glossy: prickles mm. apart, mm. long, red- 
brown with yellow base, the intervening denticles 
often reddish. Inflorescence ample. Fruit triangular- 
obcordate, 6-7 8-9 mm., the thick style about equaling the open 
moderately deep notch. Seed (immature) mm. 12. 
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North-central Mexico and adjacent Texas,—apparently grading 
Wheeleri. Adjoining overlapping the area Wheeleri 
and Nolina erumpens. 

Specimens examined: Paso del Norte [Juarez] 
(Wislizenus, 218, 1846,—the type; ?Stearns, smaller, 
slightly roughened dull leaves). Without locality (Thurber, 1852). 
Texas. Paso (Dewey, 1891; Wagner, 985, 1892). Franklin 
Mountains (Rose, Standley Russell, 12280, 1910). 


Fruit large (8-9 mm. wide), the style surpassing the wings. 


Watson, Proc. Amer. Acad. 14: 249. 1879. 
Habit? Leaves? Inflorescence apparently 
rather long, lanceolate, finely toothed. Perianth seg- 
ments mm. long. Fruit round-elliptical, 7-9 
7-10 mm., the style rather exceeding the very open 
moderately deep notch. Seed 12. 
Northeastern Mexico. 
Specimens examined: Nuevo Leon. Silla, Monterey (Ber- 
landier, 3218, June, 1843,—the type). 


Leaves 4-sided, unarmed. 


Lemaire, Hort. misc. 91. 1856. 
quadrangulatum Watson, Proc. Amer. 250. 1879.— 
36: 280. 75.—Bull. Ort. 236. f.; 
35: 331. pl. Natur. 34: 340. f—Hooker, Bot. Mag. 
56. pl. 
juncifolium Rehnelt, Gartenwelt. 11: 77. 1906. 
Caulescent. Trunk 1-2 high. Leaves narrowly linear, 3-8 
mm. wide, length long, not brush-tipped, green, dull, rhombic 
square section, smooth, the edges minutely gran- 
ular-roughened further with very low elevations 


A 


10-30 mm. apart representing the prickles other 
species. Inflorescence 2-6 high. Perianth seg- 
ments 3-4 mm. long. Fruit broadly obovate elliptical, 5-8 
mm., the style surpassing the open very shallow notch. 3-4 
12. 
Eastern Mexico. wide range, overlapping the regions 
Nolina Nelsoni, Calibanus and acrotriche. 


fe 
% 
4 
3 
a 
AS 


TRELEASE—THE DESERT GROUP 441 


Specimens examined: TAMAULIPAS. Sierra Nolas, between San 
Luis Potosi and Tampico (Palmer, type quad- 
rangulatum). Miquihuana SAN Luts 
Minas San Rafael (Purpus, 5009, 1910,—a form with small fruit, 
with style and wings abbreviated and equal). 
Sierra Mesa (Rose, Painter Rose, 9007, 1905,—called 
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Monocot.—Giovannozzi, Nuov. Giorn. Bot. n.s. 18; 53. 
villius, Bot. Notiser. 1887: Ber. Deutsch. Bot. Ges. 223.— 
Hausmann, Bot. Centralbl. 23. Abt. 43-80. Bot. Wandtafeln. 
Abt. Ber. Deutsch. Bot. Ges. Ann. Sci. Nat., Bot. 
vi. 20: 272.—Schoute, Flora. 92: 42, 46. pl. Abhandl. 
Akad. Berlin. 1882. 


EXPLANATION ILLUSTRATIONS. 


The distribution map indicates the occurrence specimens actually 
examined. Half-tone plates are from unpublished photographs the author 
unless otherwise credited. Text-cuts are uniformly reduced from enlarged 
camera lucida drawings natural size except that leaf sections are the 
finer arming leaf margins 20, and the style and wing tips Dasylirion 
and few exceptional details with other enlargement are introduced. 

1-4. Habit growth: Trunkless (Nolina microcarpa, Arizona, 
MacDougal); with elongated finally erect caudex (Dasylirion lucidum, 
Tehuacan); arborescent (Nolina longifolia, cultivated the Palermo 
botanical arboreous (Beaucarnea gracilis, Tehuacan). All greatly 
reduced. 

Habit inflorescence:—A, Simply panicled (Nolina georgiana 
Georgia, Compoundly panicled (N. Parryi, California, Jepson) 
Compoundly spicate (Dasylirion cedrosanum, Mexico, Lloyd).—All greatly 
reduced. 

6-7. Inflorescence details:—6 Nolina caudata (type); 
Calibanus (Purpus, 4775); Beaucarnea guatemalensis (Keller- 
man, 6069); Dasylirion Wheeleri and (Wooton, 72).—All natural 
size. 

Hookerii (Rose, Beaucarnea stricta (Purpus, Dasylirion 
Wheeleri 

PLATE Septal nectar slits shown the matured fruit. Dasylirion 
longissimum (Palmer); Calibanus Hookerii (Purpus, 1200).—Both 25. 

10. Seeds. three seeds Nolina middle one 
sectioned show coat, endosperm and embryo; seed Beaucarnea plia- 
bilis; and two seeds Dasylirion endosperm 
Dasylirion lucidum, with walls. 200. cross section 
seed Nolina durangensis showing embryo cavity with much extruded 
protoplasm and oil—in chlor-iodide zinc. 20. endosperm Nolina 
durangensis swollen chlor-iodide zinc, with extruded oil. 200. 

11. Fruit characters. four fruits and seed 
georgiana; six fruits and two seeds Dasylirion Wheeleri; six fruits and 
two seeds Beaucarnea gracilis; and four fruits and seed Calibanus 
Hookerii.—All natural size. Dasylirion acrotriche and 4-winged) 
acrotriche (4- and 5-winged); durangense (2- and 5-winged); 
Wheeleri (4- and 5-winged); Calibanus Hookerii 
All 
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PLATE 12. Fruit characters. Nolina: (four fruits 
(branchlet texana),—and Arborescentes (four fruits 
All natural size. Dasylirion: cedrosanum (type),—2, lucidum 
(Trelease, 26),—3, leiophyllum (3, Van Horn, Eggert, 
Palmeri texanum (Lindheimer, 1213),—7, simplex (type), 
—8, Wheeleri Wislizeni 10, Wheeleri (9, Girard, 
Wooton, 72),—11, durangense graminifolium (Pringle, 
3746), 13, glaucophyllum (Berger), 14, acrotriche (Haage Schmidt), 
—15, Berlandieri (type),—16, longissimum natural size; 
four numbers row, from left right. 

13. Germination Nolina normal seedlings, one 
with slightly shouldered haustorium. various straightening the cotyle- 
don from normal arch erect form.—All 

PLATE 14. Germination. Beaucarnea stricta—the haustorium 
place, though broken off (Rose). Calibanus Hookerii (Rose). The haus- 
torium deeply dorsal the cotyledonary 

15. Dasylirion cedrosanum, seedling with deeply dorsal haus- 
torium, texanum, mature leaf tips showing dorsal exfoliation 
fibers, natural size. 

16. Nolina Hartwegiana. (Hartweg, 406, Herb. Delessert). 

17. rigida. rigida. (Plate XVIII the Sese 
and drawings Herb. DC., Node-véran.) Candolle. 
size. 
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ISOSTASY AND MOUNTAIN RANGES. 


HARRY FIELDING REID. 


(Read April 21, 


The cause the elevation mountains has always been most 
fascinating subject study, and find the earlier geologists giv- 
ing much attention it. the first half the nineteenth century 
the prevailing idea was that mountain ranges were due the upward 
pressure liquid lava and that their elevation was closely related 
the forces. late the middle the century Elie 
Beaumont upheld this idea with all the prestige his great authority. 
But more detailed study the structure the rocks which 
make the mountains led different conceptions. was found 
that the whole mass had been subjected tremendous compressional 
forces line right angles the mountain range. This was 
shown the immense folding the rocks, the existence thrust- 
faults and cleavage and the evident flattening out fossils; 
that the existence these tangential forces was thoroughly proven. 
This led then the idea that mountains owe their origin not 
vertical forces, but the great tangential forces which folded the 
rock and squeezed upwards. Professors Heim and Suess 
Europe, and Dana, Hall and Conte America, were all very 
active developing this point view, though Dana realized that 
vertical forces also played some part the elevation mountains 
but the dominant influence the tangential forces was recognized 
the name orogenic, mountain-making forces, which was reserved 
entirely for them. Without doubt, confidence the efficiency 
tangential forces was greatly strengthened the fact that these 
forces could satisfactorily accounted for the cooling the 
earth; for the cooling greatest short distance below the sur- 
face and the exterior layers are subjected tangential crushing 
accommodate themselves the shrinking interior. 
444 
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There are great areas the earth, such the high plateau 
regions the west the United States, where the rock has been 
elevated many thousands feet but without suffering any com- 
pression whatever, which makes quite evident that there are ver- 
tical forces which produce many movements the earth’s crust. 
Mr. Gilbert has given these forces the name epeirogenic, 
continent-making forces, distinguish them from orogenic 
but must not forget that epeirogenic forces are apparently alone 
active the elevation certain mountain ranges. The Sierra 
Nevada, for instance, although its strata are much folded, owes 
its present elevation the vertical forces which seem still 
tilting the great block. Mt. St. Elias also seems have been tilted 
vertical forces without any folding its strata. 

The American geologists showed that mountain range does 
not rise haphazard any part the earth, but that appears where 
there was earlier great geosynclinal, which had gradually sub- 
sided and accumulated sediments extraordinary thickness, all 
them laid down comparatively shallow waters; and 
was only after this preparatory step that the foldings and elevation 
the mountain range took place. 

But there one important factor which geologists have not 
given proper attention, that is, the revelations the plumb-line. 
About the middle the nineteenth century Archdeacon Pratt 
pointed out that the south India the plumb-line was deflected 
toward the Indian Ocean, and the north India, although 
was deflected somewhat toward the Himalaya mountains, still the 
gravitational attraction these mountains was considerably less 
than should have been, the density the material and under 
them had been the same other parts the earth’s crust; and: 
he, therefore, suggested that the oceans were deep because the 
material under them was heavy, and the mountains were high 
because the material which composed them was light, and that 
general the amount material under any two equal segments 
the earth was the same. But these facts did not make great im- 
pression upon geologists and did not prevent the further advocacy 
compression and the consequent accumulation material the 
cause mountain elevation. 
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1880 Mr. Faye showed that the so-called anomalies” 
gravity would practically disappear if, reducing observations 
land sea-level, account were taken the land mass above sea- 
level and if, reducing observations made islands mid ocean, 
the excess attraction the island mass over equal amount 
sea-water were subtracted. This equivalent assuming that 
the continental areas stand account their low densities, but 
that the small islands are supported the rigidity the 

1889 Major Dutton read very remarkable paper before the 
Philosophical Society which pointed out that 
the mountain regions were probably continuing rise result 
the lightening their weight erosional transportation and that 
regions deposition near the coasts were probably sinking 
account the added material which they were receiving, and that 
the forces thus brought into play would set slow currents from 
the regions under the sea towards the region under the mountains; 
and held that the earth was not strong enough sustain the 
weight great mountain ranges but that these owed their elevation 
the fact, already suggested Archdeacon Pratt, that they 
were lighter than the material under the lowlands, under the 
oceans; and that there was, therefore certain equality weight 
the various segments the earth. gave this theory the 
name isostasy, which has served give definiteness ever since. 
noticed that Major Dutton considered the elevation 
mountains due vertical, and not tangential forces. 

The theory isostasy has been much discussed geologists 
since Major Dutton’s paper; many papers have been written the 
subject, and the available geological evidence has been invoked 
support of, against, the but was not until very recently that 
the real evidence, which lies the variations the force gravity 
and the deviation the vertical, has led definite conclusions. 

Mr. Putnam and Mr. discussed series gravity ob- 


*“Sur reduction des observations pendule niveau mer,’ 
des Sciences, 1880, Vol. 90, pp. 1443-1447. 

the Greater Problems Physical Geology,” Bull. Philos. 
Soc. Washington, 1889, Volume XL., pp. 51-64. 

Trans-Continental Series Gravity Measures,” Bull. 
Philos. Soc. Washington, 1895, Volume pp. 31-76. 
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servations made across the United States, which led them the 
conclusion that isostasy was true only far the very largest 
features the earth’s crust, such the continents and ocean basins, 
were concerned, but that mountain ranges were least part sup- 
ported the rigidity the crust. 

When Dr. Nansen drifted across the North Polar basin the 
Fram provided pendulums determine the force gravity 
when the ship was frozen ice; and the discussion his observa- 
tions showed that gravity was normal over that basin, or, least, 
where his observations were made.* 

Professor Germany, has done much the discus- 
sion gravity measures and Dr. Hecker has made some notable 
voyages and has determined the forces gravity sea, over the 
Atlantic, Indian and Pacific oceans, and over the Black Sea, the 
results showing that the whole the force gravity normal 
over these bodies only special and limited areas, the neighbor- 
hood very steep was any marked anomaly 

the most important work which has been done along this 
line the work Dr. John who, while with 
the United States Coast and Geodetic Survey, discussed thor- 
ough and able manner the deflections the vertical large num- 
ber stations different parts the United States, and his results 
show definitely that over this region isostatic equilibrium actually 
exists. has concluded that this true even for areas small 
square degree, that is, seventy miles the side. believed 

Norwegian North Polar Expedition Volume 
Part VIII., Results the Pendulum Observations, Schiotz. 

Bestimmung der Schwerkraft auf dem Atlantischen Ozean,” 
des Preuss. Geodet. Instit., Neue Folge, No. Bestimmung der 
Schwerkraft auf dem Indischen und Groszen Ozean,” Veréff. des Zentral 
Bureaus der Internat. Erdmessung, Neue Folge, No. 18. Bestimmung der 
Schwerkraft auf dem Schwarzen Meere,” same, No. 20. 

Geodetic Evidence Isostasy, Proc. Washington Acad 
1906, Vol. VIII., pp. 25-40. “The Earth Failing Structure,” Bull. 
Soc., Washington, 1907, Vol. XV., pp. 57-74. “The Figure the 
Earth and Isostasy,” United States Coast and Geodetic Survey, 
plementary Investigation 1909 the Figure the Earth and Isostasy,” 


same, 1910. Relation Isostasy Geodesy, Geophysics and Geology,” 
Science, February 10, 1911, 
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that the earth not strong enough sustain added thickness 
more than about two hundred and fifty feet rock over area 
large square degree without slowly yielding. The stations 
where the observations were made are scattered over various parts 
this country, the eastern coast, the Appalachian mountain 
range, the region the Great Lakes, near the Gulf Mexico, 
the great plains the Mississippi basin, the great elevations 
the Rocky Mountains, the plateaux Utah, the Sierra Nevada 
mountains and the Pacific coast, regions exhibiting great variety 
topographic forms and differing greatly geologic activity. 
Whatever movements may going the Rocky mountains, 
and the region between them and the Atlantic ocean, are certainly 
very small; whereas the west, and particularly the state 
California, the movements seem very active. The eastern 
edge the Sierra Nevada received additional elevation the time 
the Owens Valley earthquake 1872, and the comparatively 
frequent earthquakes the Sierras and the Coast ranges make 
quite possible that these mountains are now being elevated actively 
any time their history. view the great variety the 
country which the stations were located, both topography 
and geologic activity, view the great amount material being 
continually eroded from one region and deposited another, thus 
tending overthrow the isostatic equilibrium, and view obser- 
vations other parts the world, are driven, with Dr. Hay- 
ford, the conclusion that isostasy not accidental condition 
existing the present time within this country, but due the 
fact that the earth yields plastically the long continued action 
even small forces. feel justified, therefore, believing that 
isostatic equilibrium exists other parts the world and existed 
other geologic ages, and saying that the whole earth is, and 
always has been isostatic equilibrium. 

This conclusion carries with many important consequences and 
has very direct bearing the theories the origin mountain 
ranges; for tells that every segment the earth, having 
equal area surface and with its apex the center, contains the 
same amount material, which impossible either increase 
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decrease. erosional transportation large quantity 
material removed from high land and deposited the oceans, 
then the increase weight under the ocean and the decrease under 
the mountains will, Major Dutton explained, set subter- 
ranean counter flow, which will restore the equality material 
the segments. the exercise tangential forces portion 
the earth’s crust compressed and folded and the quantity 
material the segment thus increased, the added weight will cause 
slow sinking the region and material will flow out from below 
and reduce the mass the segment its proper value. Indeed, 
the folding the rock tangential pressure would not elevate 
mountain range, but would cause the folded region sink; not, 
however, necessarily below its former level. 

When consider the origin the mountain ranges the theory 
isostasy requires that all hypotheses, which call for more than 
the normal amount material any segment, excluded. The 
folding rock under tangential forces, and the increase material 
subterranean flow are necessarily debarred. Dana noticed that 
the great mountain ranges the world were opposite the great 
oceans and, some cases, were opposite the great depths the 
oceans. The inference was natural that material was taken from 
the ocean bed, increasing its depth and added the land increasing 
its but the theory isostasy forbids this inference. also 
suggested that the segments the earth forming the oceans were 
sinking more rapidly, the earth cooled, than the segments forming 
the continents and also that they were stronger; that they com- 
pressed the continents, folding the rock and making mountain ranges 
around their borders. Besides other objections this idea, the 
theory isostasy excludes account the increased material 
required the land segment. Professor Charles has sug- 
gested that the oceans owe their existence the stretching and 
consequent thinning the strata below them, but the theory 
isostasy does not permit the withdrawal material from the ocean 

*“On the Distribution Strain the Earth’s Crust resulting from 


Secular Cooling, with special reference the Growth Continents and 
the Formation Mountain Chains,” Phil. Trans. S., 1887, Vol. 178(A), 


pp. 231-242. 
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bottoms. Sir George Darwin® has suggested that the continental 
areas the earth may due elevations caused the differen- 
tial retarding effect lunar tidal action. But the theory isostasy 
tells that they could not have maintained themselves unless they 
were especially and this case they would have existed inde- 
pendently the tidal forces. Although these elevations, 
Sir George Darwin calls them, might have been dis- 
torted the different tidal effects different latitudes, their orig- 
inal meridional direction still requires explanation. 

The foldings and contortions the rock have been intimately 
associated, the minds geologists, with mountain ranges, that 
low-lying region folded rock has been looked upon the 
remains mountain range removed erosion; but mountains 
are not due rock folding, this inference may entirely wrong. 

Only few the consequences the theory isostasy have 
been mentioned but the principle such fundamental importance 
that will surely exercise strong influence over our future theories, 
and will applicable directions not now suspected. Unfortu- 
nately, does not tell definitely what the cause the elevation 
mountains and plateaux; but limits our inquiries excluding 
all theories which assume the addition matter segment. 
tells us, quite definitely, that the elevation mountains, the 
depression the oceans, must due forces brought 
about decrease, increase, the density the material under 
these regions. According it, the mountains are high because their 
material and geological history tells that the mountains 
have not always existed, must conclude that they were elevated 
expansion the material and under them. And the great 
deeps the oceans are deep because the material under them 
dense and they have become deep increase the density 
this material. Since all mountain areas are being lowered active 
erosion and many the great ocean deeps are being filled depo- 
sitions, the great heights the former must due the fact that 
they are still the process elevation that they have only 
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recently been raised; and the great depths the latter the fact 
that they are the act sinking, have only recently sunk. 

the centres the great majority strong earthquakes are along 
the boundaries high mountain ranges, great ocean deeps, 
seems most probable that the forces which have produced these 
very interesting features the earth’s surface are still active 


operation. 
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FOSSIL SPECIMEN THE ALLIGATOR SNAPPER 
(MACROCHELYS TEMMINCKII) FROM TEXAS. 


XVIII XIX.) 


OLIVER HAY. 
(Received May 23, 


The writer has received for examination from Professor Mark 
Francis, the Texas Agricultural Experiment Station, College 
Station, Tex., nearly complete skull the great fresh-water tor- 
toise known the alligator snapper. This fine specimen was dis- 
covered last summer autumn during some dredging operations 
the Brazos River, between College Station and Navasota. After 
passing through various hands came into the possession Pro- 
fessor Francis, who, application, kindly transmitted me. 
With the skull came also part carapace, which doubtless be- 
longed the same animal. The skull was found mass 
gravel, and had undoubtedly been washed out the river bank 
not This proximity the place burial evident from 
the little damage done the skull, and made more probable from 
the presence part the shell. 

The cavities the skull, when came into Professor Francis’ 
hands, were full gravel, wedged very tightly. Some this 
gravel was sent with the skull. was strongly colored with iron 
oxide; and this oxide served cement the bits gravel together 
and the bone. The bone also colored with the oxide, and 
thoroughly mineralized that, being struck, rings like 
piece porcelain. 

would interesting know exactly the geological age 
this specimen; but appears now impossible determine this. 
Professor Alexander Deussen, the University Texas, has been 
engaged studying the Quaternary and Recent deposits some 
the rivers Texas; and part his results soon pub- 
lished the United States Geological Survey. has kindly in- 
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formed the present writer that there occur along the Brazos River 
three principal terraces. The oldest and highest these, the 
Hidalgo Falls terrace, lies height 100 more feet above the 
present water line the river. the materials this terrace 
have been found remains Mammut, Elephas, Megalonyx, Equus, 
etc. About feet below this terrace found another, the Port 
Hudson, whose thickness from feet. The upper terrace 
regarded older Pleistocene; the Port Hudson, newer 
Pleistocene. level some feet below that the Port 
Hudson, terrace which Professor Deussen considers 
early Recent time. constitutes the real lands” the 
Brazos and subject overflow. 

very probable that the remains described here were derived 
from the lowest and youngest terrace and that the individual lived 
some time about the beginning the Recent epoch. The species 
probably lives today the Brazos River. 

The skull (plates XVIII and XIX) lacks the lower jaw, part 
the temporal roof the left side, most the occipital condyle, 
and the hinder part the supraoccipital process. close exami- 
nation reveals characters which can distinguished spe- 
cifically from the alligator snapper. The profile XIX, Fig. 
much less concave than most specimens the species collected 
the rivers the Southern but there the United States 
National Museum skull considerable size, no. 3769, from 
Mississippi, which presents greater concavity than does the 
Brazos River specimen. There are two other skulls, the one con- 
siderably larger than the skull from Mississippi, the other con- 
siderably smaller, both which are much more concave than the 
specimen from Mississippi. Hence, the amount concavity seems 
not depend youth old age. 

The skull the fossil is, relative the length, slightly both 
broader and higher than are two skulls with which compared, 
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will observed that the last two skulls differ from each other 
about much the second differs from the fossil. 
The same three skulls furnish the following measurements. 


Brazos 
Snout occipital 183+ 170 177 
Snout hinder end supraoccipital process.. 262+ 236 226 
Outside outside 187 166 163 
Distance between hinder ends cutting edges 
Width front ear 218 195 
Width temporal arch where narrowest........ 
Distance between fronts orbits.............. 


Fig. Plate XIX represents the fragment the carapace that 
accompanied the skull. This reduced five twelfths the natural 
size. consists part each the third and fourth costal plates, 
and part each the sixth and seventh peripherals. these 
parts are present areas representing the outer and hinder angle 
the third costal scute, little the third and the whole the 
fourth supramarginal scutes, the whole the eighth marginal scute 


Fic. Section rim carapace between sixth and seventh peripherals. 


and part each the seventh and the ninth. These structures are 
almost identical with the corresponding ones mounted specimen 
the species the United States National Museum. 

Fig. represents transverse section the rim the carapace 
taken between the sixth and the seventh peripherals. 
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EXPLANATION THE PLATES. 
MACROCHELYS fossil. 


the figures these plates the sutures between the bones are repre- 
sented narrow white lines; the seams between the horny scutes wider 
dark lines. All the figures are two-fifths the natural size. 


XVIII. 


Fic. Skull seen from above. 
Fic. Skull seen from below. 


XIX. 


Fic. Fragment right side carapace. part fourth costal 
plate, bone; behind part the fifth. mar. mar. the eighth mar- 
ginal horny scute and part the ninth. per. per. the sixth and seventh 
peripheral bones, but only part each. the fourth supramarginal 
horny scute; front part the third. The third costal horny 
scute area occupies the portions the costal plates present, except the hinder 
border the fifth. 


Fic. Skull seen from the right side. 
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